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t.O INTRODUCTION 

Water quality monUoring has progressed througfi several stagK over the past 50 years. 
Initially it was determined by visual and olfactory descriptions, then basic chemical tests 
such 85 the parameters: pH; suspended solids; conductivity; etc. Analytical techniques 
developed, and the presence and/or absence of contaminants became water quality 
descriptors Qualification and quantification of contaminants in water became achievable. 
To avoid the collection of vast volumes of water to achieve low detection limits for 
mntaminants, indicator organisms as biological integrators became part of water quality 
monitoring. 

A water sample provides a single point in time. An organism living and reproducing in a 
system reflects the environmental health of the system ; the potential impact the system's 
components might have on human health; on the health of predators in the system ; and on 
the biota itself. 

Biological monitoring or biomonftcring, has become an accepted practice for re^latory 
agencies in investigating the impact of point and non-point source discharges on receiving 
streams. Refinements to the biomonltorlng approach are needed In order to better define 
the impacts from; a specific geographic source; a particular group of contaminants; from a 
specific time period. One organism may respond better than others for solving particular 
problems. Ciams being less transitory than fish, are better in pinpointing specific 
discharge points. Leeches accumulate andean serve to track chlorphenols, while fish 
excrete chlorophenols too quickly for monitoring purposes. 

A considerable bod/ of information has developed over the past decade on the uses of 
different organisms as biomonitors The bulk of the information comes from the marine 
environment. This information includes; detection of specific contaminants; the 
identification of suitable monitoring techniques including length of exposure, size of 
organism , season of use. handling strategies, etc. ; transplantation of organisms or use of 
indigenous species; determining contaminwit bod/ burdens as reflect ions of levels in the 
water or essential elements for the animal's metabolic and other life processes; the 
determination of the role of contaminated sediments on aquatic biota. 



The mtent of this project is to review this work , determine the orgonism or orgofusms 
test ufrtBTstnod and best suited for the Ministry of the Environment's biomonltorlng 
pn^nmstes pinpointing contaminant sources), and to recommend additional areas of 
pursuit with respect to biomonitoring. 

The report is divided into sections based on the organisms discussed with a section on 
specific contaminants. A summary of all freshwater reseerch Is outllne^m Tables 1 and 2. 
References to marine literature are Included in each section with a literature summary in 
Appendices 3 and -4. Tables 3 and 4 provide a summary of organisms used with reference 
to contaminants, exposure, and associated problems as biomonitors. Table 5 provides 
examples of exposure and accumulation studies for selected contaminants and organisms in 
the freshwater environment. 



2.0 BIOnONITORINO 

"Bfotogicol monitoring con be defined as the systemotic use of biological responses to 
evaluate changes in the environment with the intent to use this as a quality control 
program." ( Matthews et al , 1 982 ) 

"Effluent biomonitoring Includes two basic activities: I ) measurement of the biological 
properties of effluents, using captive organisms exposed to the effluent in the laboratory 
or In the environment . and 2) measurement of the effects of effluents on the biological 
integrity of the receiving waters." (Weber. 1 98 1 ) 

There are many such definitions for biomonitoring. This paper deals with the use of 
organisns in effluent and zone of impact biomonitoring as defined by Wetter ( 1 981 ), 
where the biological properties of the effluents are measured using bod/ burden levels of 
specific components, and the organisms have been exposed to the effluent in the 
environment The intent of this work is to look for an organism or a number of organisms 
to be used in particular situations to aid in the evaluation of pollutant Impacts on 
receiving waters. This impact ma/ be a short or long-term one; ma/ not directly impair 
each component of the biota but produce secondary impairment, (eg. acute toxicity to 
phytoplankton can reduce the planktivorous fish population, in turn reduce populations of 
predaceous or sport fish). 

An organism must be easy to handle, inexpensive to use, but provide reliable, 
scientifically defensible data under stated circumstances. 

Those responsible for the effluents ( Industry. STPs, ag-iculture. etc.) may be required to 
conduct their own monitoring programs. Therefore, the easiest, most economically 
teasible techniques must be determined to ensure the simplicity but scientific reliability 
of the procedure and results. 

Aspects of biomonitoring of interest ere: 

-the tronsplantotion of organisms, or use of indigenous species; 
-the caging of organsims, 



-the 9Bt exposure periods based on taDntsminantsof interest, biological half- lives, uptake 

and depuration; 
-whether ihe whole organism , or specific tissues can be used for analyses; 
-the abi lity to pinpoint sources of contaminants; 
-the possibility of using an assemblage of organisms to answer several questions with 

respect to contaminant impact. 

National as well as tnternatlonQl uses of blomonltorlng have been examined for this 
report. The concept of biomonitoring as defined for this project includes the use of 
Indigenous and/or transplanted organisms (usually caged) whose bod/ burden levels of 
contaminants reflect the surrounding water conoenlratlon (water levels may be too low lo 
detect through water analyses) and the bioavailability of tlw contaminants, and the 
potential severe impairment of some use of that water body. Contaminant levels 
determined in a monitoring program must be interpreted taking numerous factors into 
account , as the choice of using one organism for all monitoring situations must be 
carefully examined. 

The goal : to provide one organism or a combination of organisms with reliable background 
evidence to support its/their use in a specific situation ie. STP outfall , pulp md paper 
mill discharge, electroplating discharge zone etc. , for a specific cont8minant(s) or group 
of contaminants. The biomonltoring method used must be relatively simple, cost effective 
and scientifically defensible. It should provide relevoice to the state of the aquatic biota 
and the potential for human health. 

Phillips ( 1 973) states that an organism is useful as a biomonitor if it fulfils the 
following functions: 

1 . the organism should accumulate the pollutant without being killed by the levels 
encountered, 

2. the orgwilsm should be sedentary In order to be representative of the area of 
collection; 

3. the organism should be abundant in the study aree; 

4. the organism should be long-lived in order to allow sampling of more than one year 
class; 

5 the organism should be of reejsoneble size, giving adequate tissue for analysis; 



6. the organism should be easy to sample and hard/ enough to survive in the laboratory 
allowing depuration before analysis ( if desired) and laboratory studies of uptake; 

7. the animal should tolerate brackish water ; ( or various levels of pH) 

6. the organism should exhibit a high concentration factor for metals, allowing direct 
analysis without preconcentration; 

9. a simple correlation should exist between the metal content of the organism and the 
average metal concentration in the surrounding water ; (appli^toorganicsaswell) 

1 0. that ell organisms in a survey exhibit the same correlation between their metal 
contents (wTd organics) end those in the surrounding water, at all locations studied, 
under all conditions. 

The advantages of using an "indicator species" or "biomonitorlng organism" are: 

1) biological availability can be measured directly; 

2) time estimates of pollution availability based on uptake and excretion rates can be 
developed, 

3) concentrations are higher in the biota than in water , therefore , the analytical 
preparation time and project costs can be reduced ( Phillips, ). 
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3.0 HISTORY AND USE OF BIOnONITORINO WITHIN THE 
tllNISTRY OF THE ENVIRONMENT 

The first biomoniloring studies undBrtaken by the Ministry of the Environment were in 
the eorly 1 970s. Attempts were made to collecand analyze phytoplankton and zooplankton 
for contamtnent analyses. This was part of the Pollution From Land Use Reference Group's 
(PLUARQ) mandate in stud/ing the agricultural impact o( Southwestern Ontario on the 
Great Lakes and nearshore biota . Analytical techniques were not well established and 
sufficient representative samples difficult to obtain, making plankton collections for 
biomonitoring purposes impracticaK personal experience). 

The Toxicity Unit of the Ministry of the Environment's Water Resources Branch beg&n 
collecting young- of- the-year spottail shiners ( Abtapfs/fodsan/i/s) along the shores of 
the Great Lakes in 1 975. This was to establish a baseline of contaminants data for trend 
and spatial monitoring. The spottail shiner is an important forage species of the 6r«rt 
Lakes basin , known to spawn over sand/ shoals ( Scott and Grossman , 1 973). Composites 
of 1 fish provide adequate tissue for organic or metal analyses. They have proven to be 
good indicators of ornenochlorine contaminants, dioxins, furans and some heavy metals 
{ Karl Suns, personal communications). A good database determining temporal and spatial 
trends of contaminants in the Greet Lakes of Ontario has been developed. 

Collections of yearling yellow perch ( Peres /7s%^ss£i&7^ began in the province's inland 
lakes in 1 977. Yellow perch are ubiquitous, easy to capture and age, and of a size such 
that composite of 8 to 1 provide an adequate analytical sanple for cwitaminanl 
monitoring They have proven to be useful indicator organisms (Karl Suns, personal 
communication). 

The Ministry of the Environment in conjunction with the Ministry of Natural Resources 
has had an of^tng sport fish contaminant program in Ontario for eleven ywws. Although 
the program began to provide the public with areas where fish were suitable for human 
consumption rather then as a biomonitoring program , a secondary benefit has been its use 
as en indication of temporal and spatial contaminant trends. 



It was recognized that a sedentary organism was needed to serve as a monitor of 
cantominmits in the aquatic environment. An organism whicti could be utilized to pinpoint 
contaminant sources for further investigation. The clam, or mussel (UmonidBe),isa 
filter feeder synthesizing dissolved and particulate material; sedentary; easily handled, 
ubiquitous; mi provides sufficient tissue for an organic or metal analysis. Clams are not 
cannibalistic, as some aquatic insects and era/fish are (this could result with depletion of 
the project sample). They do not have an exoskelelon which may be lost( molted) and with 
It part of the contaminant tiurden. Clams are excellent for transplanting from place to 
place and caging, for locating on the sediments or suspended in the water column. Clams 
are found to reflect what is in the water as well as what is fojnd in resident f1^ species 
(Curry, 1977/78) Clams can be used to pinpoint contaminant sources. The major 
species used in Ontario has been Elliptiocxmplanata. Some work has been done with 
Indigenous clams ( Lampsilis, Anodonata sp.) depending on the geographical area. 

Crayfish have been used In several situations, but tend to be cannibalistic, have a tendency 
to escape ( from tanks or cages), and they molt between life stages ( John Parks, personal 
communication). The molting makes them vulnerable to predation and disease, and reduces 
their contaminant body burden. These problems reduce their potential as a biomonitxing 
organism. 

In the mid- 1 970s increasing levels of nitrogen end phosphorus created the proliferation 
of Cladophora in Ontario lakes. Surveys suggested that the geographical distribution «id 
biomass availability of Cladophord might make it serve as a biomonitoring tool. Since 
1 980 It has been used as a heavy metal indicator , and more recently It has been developed 
as a potential biomonitor of organic contaminants ( Michael Jackson . personal 
communication). 

In the past 2 years, the Ministry of the Envlronmeftt and Environment Canada have been 
involved with the evaluation of the leech as a biomonitoring tool. Leeches are easily 
collected, omnivorous, ubiquitous, easy to handle, transport, and cage. Todate they have 
provided a better indication of the presence of chlorophenols than either clams or fish 
( Jwiice Metcalfe, Al Hayton, personal communications) Although additional work is 
required on the use of leeches, at this point they are favoured for chlorophenols ( Metcalfe 
end Hayton, personal communications). 



4.0 BIOnONITORS USED IN THE FRESHWATER AND HARiNE 
ENVIRONhENTS FOR OReANIC AND HEAVY METAL 
CONTAMINANTS 

Tables 1 and 2 provide a summary of the Mterature on potential freshwater biomonitors, 
organisms used somewhere to date. Table i pertains to organic contaminants and Table 2 
to metals. Table 5 gives some examples of organisms exposed to specific contaminants at 
stated concentrations and provides information on the resultant accumulations. 

Since the freshwater literature is scarce, marine references have been included. It Is 
recognized from the literoture that direct extrapolation can not be made from one species 
to another, or contaminant to contaminant. Consequently it is not intended to imply that the 
freshwater and marine information can be interchanged. Marine references are intended 
for Information purposes only. Appendices 2 axJ 3 contain similar Information to Tables I 
and 2 but with respect to ihe marine environment. 



4.1 Algoe 

Use of phytoplankton as a biomonitor may be restricted by the following factors: 

-age of the cells; 

-species differences in hioaccumulation ; 

-water pH; 

- the presence of dead specimens ; 

-the degree of chlorination of the contaminant; 

-sensitivity to metals and some organics ( toxicity) ; 

-behaviour; 

-morpbolog/ of the water bo(V being examined; 

-physical size of the algae; 

-logistics of collecting samples of sufficient quantity for analyses. 
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Phytoplankton in bioaccumulolion studies were used by: Cain et al 1 980; Laube et ol 
1979; Wang etal 1982;Hartetal 1977; and Walsh etal 1977. Their experiences 
indicate diversity in responses from species to species and OMitam inant to contaminant. 
Age and growth rate of the cells influenced cadmium upt*e by the colonial green alga 
Scmedesmusoblit^us. Rapidly growing cultures accumulated less cadmium than did older 
cells at a stationary growth phase (Cain et ol 1 980). 

In the laboratory Anabaena, Ankistrodssmus braunii, and river sediments were exposed to 
cadmium and copper over a 72 hour period ( Laube et al 1 979) . Anabaena accumulated 
cadmium reaching equilibrium in 1 2-24 hours as ctetermined by the ratio of heavy metal 
ion accumulated by alga to heavy metal ion accumulated by sediments ( 1 .67 for Anabaana 
and 2.22 for A. braunff). Equilibrium was reached after 1 2 hours with copper , with the 
ratios Anabaena 0.65 and A. brajnii 1 .2. Algae accumulated cadmium more successfully 
than copper and competed effectively with the sediments for the two metals (Laube et ai 
1 977). Laube et al( 1 977) believe algae ran remoblllze copper and cadmium from the 
sediments, so design of a biomonitoring project must tarfce these potential sediment 
contaminants and contributions to the water column into account. 

Hart et al ( 1 977) found that pH affects the algal growth rata Higher pH (eg. pH 8.0) 
Increases the growth rate. Depending on thepH, CttioreJtapyrenoictose , could concentrate 
cadmium propor'.ional to the initial water concentration. Hart et aU 1 977) found that the 
presence of manganese, iron or EDTA can block cadmium accumulation by blocking 
transport sites leaving no place in the phytopl^kton cell for cadmium to accumulate. 
Water pH and the presence of other metals in the water bod/ must be considered in 
interpreting the results of biooccumulation studies using phytoplankton. 

Wang et al ( 1 982) , found that Ch/ore//a fusee accumulated three PCBs 
(2,4'-dlchlorodtphenyl. 2,4,6,2'-tetrachlorobtphenyl and 
2,4,6,2' ,4'-pentachlorob)phenyl) through adsorption onto the cell and absorption 
through the cell to the hydrophobic lipid part. Both live and dead cells accumulated PCBs 
in the same time with cctfMxntretion factors of 5630, 5420 for living cells end 4760 and 
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5 140 for dead cells in 24 hours. PCBs increased linearly with the concentration in water. 
Hart's et al ( 1 977) work did not show cadmium to be accumulated in the dark or in dead 
cells. It spears that there may be a major difference here between the orgenic and metal 
contaminant's mechanism of uptake Dead cells in a sample may give a false impression of 
organic contaminant levels If organics do In fact become adsorbed and are not actual]y 
biologically aval labia 

The only other available literature dealing wif al^ and organics was work done by 
Walsh et al ( 1 977). They examined marine unicellular algae Dur»]f8l}a fer/iolecta, 
Ch/orococcum^i. , Nitischid%'^. and Thalsssiosird pseudonone . These algae 
bioaccumulated chloronaphthalenes but the degree depended on the chlorine content of the 
contaminant. The concentration factor was only 1 40 ( Walsh et al , 1 977). 

The water solubility/bioaccumulation potential ; uptake by dead organisms; and the 
importance of the chlorine content of an organic contaminant and its bioaccumulation, 
reduces the potential for the use of phytoplankton as a blomonltor for organics. 

One of the major shortcomings in the use of phytoplankton is the ability to collect a pure 
and adequate sample. Since algal species have differing abilities to uptake metals and 
organics a collection of one species would be needed to provide a sample. Their small size 
makes sample collection an Impractical proposition. The pH also affects algal growth and 
according to Cain et a! ( 1 980) would potentially distort the meaning of the contaminant 
results. Fast growth would give a picture of decreased concentrations of contaninants. 
Phytoplankton behaviour , le. movement within the water column and distribution by 
water flow and currents reduce its eligibility as a biomonitor. Culturing and transporting 
to the field environment for a caging exercise can be done, but is not a practical solution 
when transportation long distaices, and excessive handling may be required. 

Studies of filamentous algae and contaminant bioaccumulation are more extensive than 
those of unicellular or colonial phytoplankton ( Newman et al 1982; Bailey et al 1 985; 
Foster 1982, Harding 1961 ; Whitton 1985; Jackson 1985). 
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The Ontario Ministry of tr»e Environment hee a database estaDltshed of Clacx^hora 
biomonitoring results which can be related to spottail shiner ( t^trc^is hudsoniu^ date. 
C/aabphoro reflect spottail shiner and clems contaminant levels (Jackson, 1 985;Ni8g8ra 
River Toxics Committee). 

Several studies indicate that some filamentous algae reflect the dissolved metals available 
in the water bo(V( Bailey etal 1985, Foster 1982, and Harding 198 1). Although 
filamentouG algae can concentrate some contaminants to reflect environmental levels it is 
not true for all metals. Filamentous algae of thirty-six lakes in four geographic areas of 
Canada showed a 1 000 to 1 0000 fold increase in concentrations of copp^ and cadmium in 
algae over that in water. The pattern indicated that the metal levels quantitatively reflect 
dissolved metals or water pH. No such pattern existed for other metals ( Bailey et 
81,1985). Foster's (1982) stud/ yj&i^Spirq^a, 2ygonim, tlougBOtw. and Microspora 
species indicated metal concentrations were several orders of magnitude higher than 
ambient levels, iron levels plateaued at the water concentration of iron ( Img/ml) . Zinc 
(Zn) remained constant. The red alga Lemanee w«b transplanted and used in a mining area 
where zinc levels adjusted themselves to stabilize at concentrations similar to native 
filaments. Foster ( 1 982 ) and Harding's (1981) work ala) suggest zinc regulation but 
high levels of calcium and/or magnesium resulted in decreased uptake of zinc in Harding's 
work ( 1 98 1 ) iron and zinc are not considered contaninants to be monitored using 
filamentous algae. 



Phillips ( 1 978) dixusses macroalgae in the marine environment ( Fua/s vesicu/ostis, 
f.sarrafus, F.spiralis, Laminariadigitata, Ascophyllum nodosum, and Ulvalactuc^ which 
are responsive to the soluble trace metal content of their environment rather than to 
organic or inorganic particulate matter. They reflect the soluble concentrations with a 
high degree of time integration. Phillips ( ) feels that macroalgae are best suited to 
looking at metals in solution, where binding occurs to alginates in the cell wall Some 
pollutants inhibit growth, while in the case of manganese, iron and possibly zinc, the 
plant regulates them. In these particular cases macroalgae would not be used as a 
biomonifor. 

11 



I 



Newman et al ( 1 982) found lead levels highest in filamentous algae after July and August. 

This coincides with the period of macrophyte die-off and the highest levels of lead found in I 

macrophytes. Algal sampling taking place during this time period may distort the 

interpretation of the availability of lead in the system. 
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As With the freshwater filamentaous algae, position on shoreline and water temperature 
are important. In the marine environment, satinity is a strong factor In controlling plant 
growth and determining the numb«" of binding sitK available to the oontamlnant 

Whitton ( 1 985) suggests that macroelgae such as CJadopha-a, Ma-omorpha, 
Cerdt(^hy}lum and YaHisneria ( In England they may be considered a matroalgae) would 
be ideal biomonitoring organisms. ValHsneria sp is for example found in abundance In 
Ontario's Inland waters where Cladophora is not (due to differences in habitat preference 
1e, leotic areas of usually mud- type sediments, versus rxk and heavy wave-action). 
Filamentous algae such as Cladophora on the other hand , could be used as a nonpoint 
source tool in areas sxh as the Great Lakes, end around specific outfalls where habitat is 
suitable. Its use would be restricted to that of seasonal integrator rather than one of 
greeter duration since it lives and dies in a relatively short period as compared to clams 
or fish. 



A.I Zooplankton 

Zooplenkton has had limited research with respect to Its use as a field blomonttor. 
Marshalletal ( 1983), in a Lake Michigan stud/, found that zinc could significantly 
reduce zooplankton populations at levels below the reported toxicity for zooplankton. Zinc 
can also suppress cadmium accumulation distorting results of any stud/ where cadmium 
may also be present. 

Havas' ( 1 985) work with aluminum (Al) and Daphniama^w in arft water at various pHs 
indicated that the maximum aluminum toxicity and bioaccumulation arrived at, was pH 
(reater or equal to 6.5, and a concentration of total aluminum (Al) of .32 mg/1. After 24 
hours the bioconcentration ratio was 1 ,000 at pH 6.5 , 4 ,000 at pH 5.0 and negligible at 
pH 4.5 

These studies indicate that zooplankton can be susceptible to metals at levels lower than 
previously determined, depending on water pH and hardness. Bioconcentration does occur 
and in a relatively short time ( 24 hcwrs), but attention must be paid toother water 
quality factors in interpretation of results. 
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Evans et al ( 1 983) , proposed that MysisreJicid acts in remobillzlng lead from the 
sediments to ttie water column. During their daily migration upwards in the water column 
lead is released as faecal material. The faecal material is ingested by other organisms and 
made available to them , and or settles track to the sediments and is ingested again by 
t)enthic organisms tlysisreJicta could be a useful remobilization organism, but would 
not be considered a useful biomonitoring organism for lead due to its rapid excretion. 

The only information related to zooplankton and organics was a stud/ by Larsson ( 1 986) 
who used PCB contaminated sediments and several organisms as PCB accumulators. 
i^hnia magna did accumulate PCBs from the sediments following a srasonal pattern 
where levels decreased in the autumn, probably due to nothing more than new generations 
of daphnfds entering the system , and thus greater partitioning of the available PCBs and 
rose again in the spring. 

Zooplankton is not a feasible biomonitoring tool Like phytoplonkton, the life span, species 
composition end biomass are limiting factors in obtaining adequate analytical samples. 
Daily migrations through the water column complicate the contaminant source within the 
system , and they are too sensitive to swne metals and pH changes. The literature lacks 
information on zooplankton use as a contaminant bioaccumulator but does provide 
considerable information on uses of zooplankton for acute toxicity work. 



4.3 flacrophytes 

The macrophytes, Lobelia, Friocaufon, and Potamogetm , analy^ after radium dosing an 
experimental lake, responded to the maximum dose in 20 days reaching a maximum level 
of 44 end 52 Bq/g and 208 mBq/g respectively. lade//amii fnacsu/orf eventually 
levelled out to 1 1 and 1 5 mBq/g after 3 to 4 months, Potamogeton to a level four times 
higfier ( Hesslten et al , ! 984). When compared to fish and crayfish , mxrophytes 
appeared to have the least variation among samples although not r^cessarily species. 
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Macrophytes , Potamogeton foJiosus and Najas quadBlupensis ( Knowlton et al , 1 983) , 
drosenicg%^ , Utriculoria sp. Cdloma sp ond Myriophyllum (Newmon et al, 1 982) 
examined from areas of sediment lead ( Pb) loads indicated lead uptake by roots but no 
translocation through the plant. Lead concentrations were highest in July-August but were 
associated with sediment levels rather than water ( Newman et al , 1 982). Franzin et al 
( 1 980), also examined macrophytes ( Sparangium, Utricular fa vulg^is, Myriophyllum 
exolbescens, Nuplw voriegotum. andCollapalustris) and metal uptake near a base metal 
smelter. Again they found metals to be concentrated in the roots of the plants. Those with 
large fleshy roots accumulated more metal than plants with small fine root systems. The 
only relationship between metal emissions from the smelter and metal concentrations in 
the plant was related to the calcium content of the water. 

Breteler et al ( 1 982) investigated uptake of metals from a sewage sludge fertilizer used 
in an experimental marsh. As the sediment mercury rose, the concentration In roots rose. 
Leaves took some mercury from the water but other plant parts did not change. When the 
organic content of the sediment decreased the concentrations of mercury In plants 
increased. Macrophytes appear to be most affected by metal concentrations in sediments 
rather than the surrounding water bod/- The form of metal biologically available is 
Influenced by the organic content of the sediments. 

The only reference in the literature to macrophytes and orgwilc contaminants was to 
Mozek Jr. et al( 1 98 1 ). They used the saltmarsh cordgrass ( Spartinaalterniflcrii to 
examine the uptake of PCBs. The lesser chlorinatedf CBs were accumulated. As with the 
marine phytoplankton stucV and chloronaphthalene uptake, tr« degree of chlorlnatlon 
plays an important role in plant uptake. They believe this to be a pathway for movement of 
some PCB congeners from the sediments, ' - 

Consideration for macrophyte use as biomonitors must be given to: the contaminant of 
Interest le. freshwater data of uptake and organtcs Is limited; the sediment load of 
contaminants versus the contaminant of interest; the sediment organic content; the 
surface aree/volume relationship in selecting species for use; use of the roots as the 
analytical sample; the time in the growing season the plants ere to be sampled, and, areas 
of natural occurrence. 
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4.4 JlQMtfc Insects 

Nehrjng's ( 1 976) loborotory end field caging studies using mayfly naiads ( Ephemerelio 
grandi^ generated comBntretion factors for rieavy metals. Ttie field study occurred in a 
stream naturally polluted with zinc. Insects were collected at 49 hours post Initial 
exposure and 24 hours thereafter. Laboratory and field stud/ results were similar. 
Mayflies collected the heavy metal in relative proportion to the water metal concentration. 

Coltjorns ( 1 982) river study of caged mayflies ( OrurwIlagrerKii^ and caddtsflles also 
showed that mayflies are capable of concentrating metals ( in this case cadmium) , from 
surrounding waters Cadmium and molybdenum were low in water analyses. Exposure 
periods were relatively short, 24, 48. and 72 hours as in Nehring's ( 1 976) work. 
Cadmium equilibration occurred in 72 hours (Colborn, 1 972). Caddisfliesalso 
concentrated cacftnium but not to the level of the ma/flies. The advantages of using mff/flles 
are; they are more metals tolerant than are fish; they concentrate metals in relative 
proportion to concentrations in water ; they also concentrate metals by a predictable, 
reproducible factor. 

Dressing et al ( 1 982), investigated the effect of a synthetic chelator ( nitrilotriacetic acid 
(NTA)) on cadmium accumulation by thecaddisfly, Hydropsyche^. Equ.Iibratton 
occurred between the animals and the synthetic metal solution within 3-5 days. They 
found both free cadmium and cadmium bound to NTA to be accumulated by Hyitospycf)e ^. 
Other work has indicated that cadmiun complexing with other organic ligarttfe reduces 
uptake by (^ironomus This area requires further study but feeding behaviour may 
explain the differences in uptake. Hytt-o^jydie ^. use as a btomonitor may be restricted 
to its predaceous behaviour requiring special caging techniques. 

Dressing et al ( 1 982) and Colborn ( 1 982) looked at dead and living insect concentrations 
of cadmium Dead insects did not accumulate to levels as high as living ones, indicating that 
cadmium uptake Is an active sorptive process likely throu^ the gill membrane, and may 
be an important factor in cadmium accumulation ( Dressing etal, 1982). Cadmium indeed 
organisms may be en odsorptive process and must be considered in the result 
interpretation. 
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Rossaro's el al ( 1 986) bioaccumulation studies with larvae and adults of Chironomus 
ripanusi, fleigen) exposed to mercury indicated a mechanism of elimination of mercury 
by theadul* The bioconcentration factor in larvae with respect to water wk 12600 while 
that of exuviae was 1 2470. Adult levels were only 29% of the larvae levels. As with 
cra/flsh. the metal cai be concentrated in the exoskeleton and lost during molt. 

Consideration must be given to; the life stage chosen for use; sediment type; and 
complexlng potential of contaminants with organic llgands. for aquatic insects to be used as 
biomonilors. 

Mayflies are potentially the best insects for blomonitoring. Accumulation and 
equilibration for some metals h« been short-term ( up to 5 doys). Immature stages of the 
Insects are be=:t suited to blomonitoring since they are relatively sedentary. Adults have 
been shown to have lost metal body burdens as a result of molt, therefore timing of the 
blomonitoring exercise is restricted to the intermolt phase. Indigenous animals, 
particularly In river situations, are subject to drift. They would not be useful fx 
site-specific monitoring. Small size increases the need for large numbers to provide an 
adequate analytical sample. From a practical view point, the biomass required to provide a 
representative analytical sample, and problems related to predation (as with Hydrospyche 
sp.), and life cycle changB/molt, reduce Ifieir potential as blomonitoring organisms. 



4.5 Crustaceans 

Landrumetal (1983). studied the influence of anthracene uptrtce, depuration, and 
biotransformation by the amphtpod H^leUaazteca, with and without sediments. The mean 
water rate constant for uptake from water was the same with or without sediments , 255 
+ /- 76 ml (q animal wet weight) times the hour . while the rate constant for uptake of tlw 
sediment associated anthracene was 1 9 ♦ /- 5 g dry sediment ( for an organic sediment). 
The depuration of anthracene increased three times when there i^rere sediments. The 
sediment associated anthracene contributed 11% to the steady state body burden. 
Bioconcentration factors from bo(V to water concentration are often over-estimates 
because sediments are not taken into account. 
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L«i»is et al( 1 986) investigated the freshwater isopod Asellus communis, { a hanV 
detritivore, living associated with sediments), for its ability to accumulate zinc and lead. 
Zinc was regulated by the animal. Lead was affected by pH with significant accumulations 
at pH 4.5 and 5.5. At pH 5.5 the rate of lead uptake was greater from sediments than 
water. Lead associates itself with amorphous Iron oxides which undergo dissociation at low 
pH, thus making lead more available for uptake by A^llus Asellus is not a good 
biomonitor for zinc since it regulates zinc and would have to be used for lead et certain 
pHs to ensure confidence In result interpretation. 

Anderson et al ( 1 978), collected Orconectes virilis from three sites to \txk at patterns of 
trace metal accumulations. Within sites there was no significant difference in metal 
concentrations between sexes; nor were there any consistent trends between size classes 
for copper , cadmium , lead or zinc. Anderson ( 1 978) , also found that metals not regulated 
by the animal were found at environmental levels, while copper and zinc (ragulated) were 
higher in tissues and similar at all sites. Zinc is regulated by the hepatopancreas while 
copper Is regulated by the haemocy^ln. Highest levels for copper were found In the gills. 
The lowest concentrations of metals were detected in the tail muscle. Lead was found in the 
exoskeleton. 

Ober et 8l( 1 987) investigated metals in 7 molluscs, 3 crustaceans and 2 other shellfish. 
Of copper, zinc, cadmium, lead, mercury, nickel, antimony, selenium. Iron, and 
chromium , the zinc and iron were highest in crustaceans, while copper and antimony 
accumulated similarly between molluscs and crustaceans. The remainder were highest in 
molluscs. 

Knowlton et al ( 1 983), examined the uptake of lead from contaminated sediments by 
aquatic macrophytes and cra/fish. Some crayfish were exposed to sediments, others not. 
Smaller crayfish accumulated more lead than did larger crayfish, and those exposed to 
contaminated sediments accumulated four times the lead the other group did. Anderson et el 
( 1 978) had not found any trends in lead uptake with sizes. Lead is concentrated in the 
exoskeleton and is lost during molt Knowlton et al ( 1 983) found that the internal 
visraral I'^ad was never significantly different between the controls or the others even 
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though the crayfish often eat the shed exoskeletons. It appears that lead is quick ly moved to 
the exoskeleton. Therefore the size of the crayfish and frequency of the molt mey play a 
significant role in the amount of lead detected through a biomonitorlng program. 
Crayfish caged in the Wabigoon- English system of Northwestern Ontario {Canada/Ontario 
Technical Report) in 1 978 and 1 979 were fed mercury conteminated fish exposed to the 
mercury contaminated system The crayfish became sensitive to mercury during molt and 
lost some of their bioaccumulated mercury ( personal communications). Parks et a1 
( 1 980 report on the Wabigoon- English System) collected crayfish ( Orconectes virili^ 
from the system from 1 970 to 1 979. As the system's mercury levels decreased so did 
those in crayfish. In the same system cref/fish were compared to young pike, aAilt pike, 
and yellow perch. The creyf ish and perch were both good indicators of mercury 
contamination 

Some of the practical problems associated with crayfish caging In the Wabigoon-Engllsh 
system were; crayfish cages tended to accumulate coverings of suspended materials 
restricting water flow through the cages, crayfish became cannibalistic reducing the 
avaliabte sample size; and. molting distorted accumulation results, but made the 
organisms extremely sensitive to disease and fungal infections. 

Rincon et al ( 1 987), tried to determine a relationship between size and mercury 
concentration. The theory has been proposed that in a highly contaminated 
system there is a length/body burden relationship for mercury. However , Rincon et al's 
( 1987) field stud/ indicated a statistically significant relationship between mercury 
concentration and size but the system was not considered contaminated. 

Heit et al( 1 977) exposed two freshwater crayfish species to mercury in the laboratory. 
The crayfish's ability to accumulate inorganic mercury depended on the crayfish species, 
size, sex. and external temperature. The form of mercury (organic/ inorganic) may 
explain the differences found in size and sex with respect to uptake. There were no 
statistical differences in the red crer/fish ( ProcambarusclarkihS^ the mercury content 
between the sexes. It appears that these factors in conjunction with the loss of mercury 
during molt , the caging , and behavioural problems reduce the cre/fish's utility as a 
mercury biomonitor. 
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Bioaccumulation and long-term 226 Radium ( Re) concentrations were measured in 
natural components of the biota of a Canadian Shield Lake. Orconectes vfrilis 
concentrations rose to 570 mBq/g wet wei(^t over a one month period remaining so for at 
leest three months ( Hesslein et al , 1 984). Macrophytes were another component exposed. 
Concentration variations between crayfish were greater than those between macf^hytes. 
Crayfish accumulated 226 radium from food and water, Macrophytes accumulate 
contaminants through sajiments only. 

Orconactes virilis and Camb&^us barton I were used as intermoult adults to demonstrate 
the accumulation of copper , cadmium , and nickel in crayfish fron ct^per -smelters in 
Sudbury, Ontario ( Begatto et al . 1 987). No significant differences in metal concentrations 
between sexes were noted. This agrees with Rincon et al ( 1 987). Differences between 
lakes and distance from the smelter were determined. As In other studies, the highest 
concentrations of metals were detected in the hepatopancreas. The order of concentration 
was: hepatopancreas, exoskeleton, abdominal muscle, digestive gland, gut , viscera (gills, 
reproductive organs) Crayfish can store copper , which was found at high levels. 
Cadmium which follows the same pathway as copper was found stored in the protein 
metal lothionein. Cadmium and nickel accumulated in the exoskeleton. As with mercury and 
lead these metals would be lost during molt. 

Orconectes virilis becomes Increasingly sensitive to cadmium with time, causing 
cessation of the molting process, in bioaccumulation studies the whole boiJ/ demonstrated a 
linear relationship of cadmium concentration to exposure concentration. The gill and 
antennal glands demonstrated a simlla^ pattern. Overall the pattern of distribution was: 
highest concentrations in gill > hepatopancreas > antennal gland > carapace and abdominal 
muscle ( Mirenda, 1 986). The distribution pattern varied slightly from Begatto et al's 
work (1987) 

Freshwater data for cro/fish and orgwifcs accumulatton Is scorce. Kanaawa ( 1 976) 
exposed Procambarus clarkli and several fish species to diazinon. He indicates that fish 
were better accumulators than were the crayfish but offers no explanation. The marine 
literature is more extensive on this subject 
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Breteler ( 1 98 1 ) , used fiddler crabs ( U.pu^}ax) , mussels and marshgrasses in an 
experimental marsri with sediments and mercury contaminated fertilizer. As the organic 
content of the sediments decreased, levels in the organisms increased but additions of 
mercury to the sediments without a change In organic content , did not cause a mercury 
concentration change in the organisms, fiddler crabs accumulated less than mussels at all 
times, although both art detritivores. Assuming mercury is accumulated via water and 
food, another mechanism regulating the mercury uptake by the crab must exist 
(Breteler, etal. 1981). 

Uthe et a1 ( 1 986), studied polynuclear aromatic hydrocarbon (PAHs) contamlnwits in the 
American lobster ( homerus dmencaw^ from a coal-coking plant. Lobsters were 
collected a year after each plant closed. They rapidly accumulated PAHs but when left 1 2 
months in laboratory water lost only high water soluble PAHs. Distribution Is mainly 
centred in the hepatopancreas eg. 2300 ng/g wet weight in the digestive gland versus 28 1 
ng/Q wet weight In the tail. 

Radiolabelled phenanthrene and xtachlorostyrene were given intragastrically to spiny 
lobsters ( Panulirusargu^. Octachlorostyrene was found to be highest In the 
hepatopancreas, while the gills and heart hod the highest levels of phenanthrene 
( Solbakken et el , 1 986). Concentrations of each were equal in the muscle and green gland. 
Crustaceans metabolize phenanthrene and is rapidly eliminated from the hepatopancreas. 
Two weeks after dosing half of the radioactivity still remained in most tissues including 
the muscle. 

The crayfish Astacus leptodoctylus was injected with phenols to determine the 
distribution and elimination process ( R.Nagel et al 1 98 1 ). A two compartmait model 
describes the levels of phenols (phenol; 3-nitrophenol ; 3,5 diethylphenol \ and 
l-amlnophenol) in the crayfish. The major route of excretion for organlcs In crayfish Is 
via the gills according to Nagel et al ( 1 98 1 ). Zabel et al( 1 97 1 ) showed that crayfish 
only eliminated via the antennal gland. Further study is needed to resolve these 
discrepancies. 
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Lfloohard ( 1 979) has had considerable experience using crayfish ( Orconectas virili^ In 
toxicity and bioaccumulation studies. She believes crayfish are useful biomonitoring tools 
for some of the fol low ing reasons: 

- they are widely distributed In North America; 

- omnivorous and key energ/ transformers between various trophic levels; 

- they are large enough to provide sufficient tissue for analysis to give ug/l residue 
levels; 

- any tissue can be us8d( gills, liver, stomach, intestine, gonad, heart, tsllmuscle, 
haemolymph end carapace); 

- exposure to certain contaminants (eg, cadmium) will stop life changes 1e. molting. 

The literature Indicates tissue preferences tiy each metal which eliminate Leonhanf s 
suggestion that any tissue could be used for analyses. The organics studied do appear to be 
preferentially located in the hepatopancreas. 

The literature has indicated the cra/fish's ability to bioacsumulate. However, the 
majority of the data has been related to metals. Copper , and zinc are regulated by the 
crayfish therefore do not reflect the environmaital levels of these two metals. Cadmium 
affects the organism by interrupting the molting process; mercury, lead, and nickel 
accumulate in the exoskeleton which is lost during molt. Molt restricts the time of use of 
the crayfish. An advantage of crayfish over other organisms is that sex differwices have no 
significant impact on bioaccumulatton potential. The other advantage is that the 
hepatopancreas appears to be the organ which accumulates most organics. However metals 
appear to accumulate in specific tissues depending on the metal. 



4.5 Worms 

Oligochaete worms Limnatilus hoffmeisteiiwA Tubifex tubifsx were exposed in the 
laboratory to "naturally" contaminated Lake Ontario sediments (Oliver .198-4). Worms 
were recovered at 33 . 52 and 1 1 days and allowed to depurate for 48 hours. Uptake was 
proportional to sediment chemical concentrations although small worms tend to 
accumulated more than large worms 
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Chapman ( 1 985) investigated the contribution of gut content contaminant burden with 
respect to the total contam inont load ( metals) using L imnoctilushoffmeisterii and 
Tubifex tubifex 3ut metal contents comprised the higher percent of the total metal Icwl A 
depuration period is necessary to remove the gut load to determine the metal actually 
biologically available in the organism. 

Elder et al ( 1 979) , exposed the marine polychaete Nereis dwersicoJorX^ PCB spiked and 
unsplked sediments. After 40-60 days the worms reached equilibrium. Upt^e from 
sediments was dose-dependent 8s with the freshwater LhoffmefsteffvoA T.tubifex. A 
depuration period of 60 days brought their levels back to that of 
worms in unspiked samples Worms with higher levels had higher initial loss rates 
( Fowler et si , 1 978). They feel these worms may cause remobilization of PCB 
contaminated sediments since they uptake most of the PCBs from the sediments. 

The marine deposit feeding polychaete Nereis nereis was exposed to ca^nium contwninated 
sediments. As fn Olivers work ( 1984). Ray et al ( 1980) found that smaller worms had 
higher uptake rates than larger worms. After 24 days small (1-2 grams 11/2-2 years) 
worms had a concentration of 28-5451 higher than large ones ( 5-7 grams 3-4 years 
old). Water cadmium was related to sediment cadmium and cadmium in worms was taken 
up through water. In a case like this, worms can not eliminate wastes, therefore 
physiological processes are impaired with time. In another piece of work with Nereis 
nereis , Ray et al ( 1 98 1 ) concluded that N.nereis might be useful in testing for cadmium 
and lead because the/ can accumulate the contaminants in proportion to the water 
concentrations. However , the possibility of contribution from sediments would need to be 
explored and removed from result interpretation. 

Rubinstein et aM 1 983) also suggested N.nereis to be a useful biomonitoring tool. 
N.nereis was exposed for 1 00 days to dredged sediments containing PCBs, mercury and 
cadmium. Only PCBs accumulated above background concentrations suggesting the metals 
were bound to the sediments and not biologically available. Nereis nereis accumulates 
contaminants via interstitial waters, ingestion, and absorption from sediments. 
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7%B8fftcts?«;5tt«r on rtsplratlon and Ionic and water balance of Nddthes vir&is was 
studiBil by Pereira et 8l( 1 98 1 ). tn 24 hours those exposed to 0.5 ppm accumulated 1 8.8 
*/- 8.6 ppm, 0.8 ppm accumulated 74.6 ♦/-46; 1.0 ppm accumulated 209 ♦/- 48.5 
ppm. Silver continued to increase for 72 hours at 0.05 ppm. Overall , N.virans did not 
accumulate according to size but to water concentration of si Iver. 

The freshwater literature is not extensive with respect to the use of atpjtic worms as 
bioaccu mutators. Worms are small requiring a substantial number to provide an adequate 
analytical sample, but they are sedentary and easy to handle. Their assxlatlon with 
sediments may restrict their use as biomonitors to areas related to sediment impact by 
contaminant sources. The worms have been shown to reach steady state. Because internal 
or gut contaminant content is the highest percent of the total contaminant metal load it is 
essential to depurate prior to analyses to determine the amount of contaminant biologically 
available tn worm tissues. 



4.7 Leeches 

Leeches are a relatively recent addition to the field of biomonitoring. Leeches (family 
Hirudinea) caged at a forest industry outfall for 1 week had 1 005? survival. 
Chlorophenols were not detected in water but were detected in the leeches. The 
bloconcentratlon factor was 40- 1 00 after 24 hours (Jacobs et al , 1 985). After 1 week 
depuration there was no sign of release of chlorophenols. Two factors could Increase he 
bioconcentration and should be carefully observed in testing with leedies: I ) 
temperature, and 2) body size. These are two variables which have shown to Influence 
accumulation by other organisms. 

Several organisms from Canagaglgue Creek were examined for chlorophenols 
( Carey et al ,1 983). Fish rapidly accumulated chlorophenols but eliminated them ss 
quickly ( 1 hours). Of the benthic species, leeches had the highest levels of 
chlorophenols. 
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Metcalfe et a) ( ). cxillected water and leeches at five steltons In New Brunswick . levels In 
water ranged from non-detectable (ND) to 0.035 ug/1. Twelve chlorophenol isomers 
were detected in leeches. The four ^ecies of leech collected were : Ofcesiphoniacomp/anata 
/'accumulated the lowest levels . 60 ug/1 or less, even at the most contaminated site); 
HBlobdeUastagnalis ( higher levels of the more highly chlorinated phenols); ErpotxieJla 
punctata and Dinaparva ( higher levels of the lower chlorinated phenols). Although the 
leeches were excellent at detecting chlorophenols. they did not accumulate any of the 
orgenochlorines detected in the water samples. Leeches appear to accumulate walw soluble 
contaminants but do not accumulate those that are lipophilic. 

Metcalfe et al ( 1 984), analyzed fish, crayfish, bullfrog tadpoles and leeches from 
Canaoaoigue Creeic in Ontario. Leeches accumulated 40,000 times to 1 40.000 times the 
average water concentrations of 2,4-DCP and 2,4,5-TCP respectively. OinaAibia 
accumulated the highest levels on all occasslons except 2,6-DCP In June and POP In 
November. Glossiptunia complanata accumulated the lowest levels. The levels were one to 
two orders of magnitude higher than levels found in 1 3 other species of bcnthic 
Invertebrates as well as flsh and tadpoles. Because leeches are fairly primitive animals, 
they may not be capable of metabolizing and/or excreting chlxophenols. D.dubia did not 
eliminate any chlorophenols in two weeks of depuration. 

Jacob et al ( 1 985), consider leeches to be excellent candidates for blomonltorlng. The 
following characteristics of leeches emphasize the basis for this opinion: 

- resistant to toxic compouncte 

- naturally abundant 

- reasonable size 

- long survival in the lab 

- tolerance for brackish waters 

- starvation resistant 

- bloconcentration capability 

- correlation established between their bod/ pollutant content and concentration of 
pollutant In the surrounding water. 
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The niw gm i available at this time for leech btomonitoring studies deals only with 
orgwTc trace contaminants ie. chlorophenols. The leech has been shown to bloaccumulale 
them quickly and to levels much higher than water , suggesting the/ ore the best xganism 
at present for biomonitoring of chlorophenols. As indicated by Jacobs et aU 1 985) the 
leech does meet most of the criteria suggested by Phillips ( 1 973), and additional work is 
currently underway to evaluate and/or confirm past stud/ results. 



4.8 nolluscs 

Oostropods 

Newman et al ( 1 982) , investigated several components of a freshwater ecosystem with 
elevated lead levels in surftclal sediments. The gastropods Physe intend, Pseudosuccinfc 
columella, Helisome frivol is and Idiqjcma ma/lmfa had the highest levels of lead. 
However , these seemed to correlate with dissolved lead in the water rather than those in 
the sediments l\\t lead in P. Integra related to the levels In the macrophyte Calomla sp. , 
which P. integra feeds on. 

Everard al ( 1 984) looked at cycling of lead from detritus through snails, snail -predators 
end back to the sediments . The highest lead levels concentrated in the digestive gland, feet 
and shells of Yalvata piscinalis and lymnaea pere^a Lrad was lost when the organisms 
were exposed to a clean environment. Lead was incorporated into the shell , lost by the foot , 
W)d lost even quicker by the digestive gland. The gut wall and digestive gland are able to 
regulate lead in these orgmisms. 

Newman et al ( 1 983 ) , studied two gastropods Pftysa integroanA Compelome dbcisumXo 
determine if size had any impact on accumulation of lead. Lead concentrattoi was 
independent of size in P.Integra, but smaller snails had higher lead concentrations than 
logger snails of C. decisum. P. inte^a eliminated lead rapidly over the first four days of 
exposure but lost it much slower thereafter. Cdacisum showed no significant decrees in 
bod/ lead concentrotions Newman el el ( 1 983), suggest that there are two things 



controlling metal content In snails; an active mecfwnism linked directly to metobollsm. 
and, the surface volume ratio of the animal. Size range examined was: 

C.dBcisum 0.0046-0.2775 g dry weight and S-33 mm shell length 
P.intBgra 0.0007-0.0070 g dry weight and 3.6-8. 1 mm shell length 

Physa Integra 's immature stage is very sensitive to cadmium , three times more so than 
the mature snail (Weir et al , 1 976). Cadmium was rapidly acquired and concentrated 
reducing reproduction. Weir et al { 1 976), suggests that cadmium interrupts cellular 
metabolism by boreJing to sulfhydryl groups of enzymes at sites that must be occupied by 
other anions for proper function. 

Isensee's ( 1978), bioaccumulation laboratory study using 5 species, algae ( Oedogonium 
carcfidcumj, daphnids ( Daphgnia magn^ , snails ( Physa%^.), mosquito fish ( Gambusia 
affmi^ , and channel catfish ( Ictalurus punctatus) , and the contaminant 
2,3,7,8-tetr8Chlorodibenzo-par8-dioxin included an exposure period of 32 dB/s. The 
concentration in the organisms ranged from 2 to 7000 times the water cwtcentratlon, and 
was directly related to the water concentration. Equilibrium was reached in 7- 1 5 days. 

Gastropods are an ideal size to work with but have certain water quality requirements 
which are not likely to be found at all industrial discharge sites, (a plentiful supply of 
oxygen, good alkalinity 20-180 ppm , and pH higher than 5.5 (Herman. 1974)). Although 
they do accumulate metals, some species are sensitive to cadmium , and can regulate some 
metals through some mechanism in the gut walls and digestive gland. The literature 
Indicates they tend to accumulate from the water column or from macrophytes they feed 
on , and not from sediments. This indicates some species could be useful in a caging 
experiment without sediment contact, as long as the animals were not feeding, and the 
objective of the project was not to look at sediment contril)utions. Differences in species, 
and size versus accumulation , is a consideration in comparing gastropod accumulation 
results from site to site, 
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Molluscs are used as biomonitoring organisms around the world. The "Internottonol 
Mussel Watch" program is extensively developed in the United States, with programs 
using molluscs in South Africa, Scotland, and the Netherlands. They have been used In 
Spain, Japan, Finland, Australia, Chile and Canada . Literature on bivalve molluscs as 
biomonitoring organisms, and particularly marine bivalves is extensive, although the 
bulk of the literature relates to metals rather than to organic contaminants. Because the 
information is extensive but not clear . Phillips' ( ) comment should be reiterated here; 

"different species exhibit widely divergent rates of uptake and excretion for any one 
contaminant, and this variation depends better on taxonomy; thus, closely related species 
may not be assumed to exhibit similar pollutant kinetics". 

Bearing this in mind, freshwater and marine Information is presented for consideration. 

Oermott et al ( unpublished) looked at metal concentrations in the annual shell Itr/ers of 
the bivalve Eniptiocomplanata Zinc has a preference for soft tissues while lead has an 
affinity for the shell. Zinc accumulated in the whole body over a seven day period, with 
shell levels 3.7 mg/kg, while soft tissues were 62 times greater. Copper and nickel were 
located equally in shell and soft tissues. As with organisms previously mentioned, copper 
and zinc do not necessarily reflect the environmental levels but are regulated by the 
animal. 

Imlay ( 1982), feels shells are useful as indicators of contamination Mussels have 
distinct annual rings and distinct stress rings Indicating the mussel has stopped growing. 
Differences in the metal levels in shells depends on species, age , and layer differen(»s , 
however sex does not seem to m^e a diiTerence. 

Metals can go to a couple of places within the shell structure. Cont«ninants can be tied up 
In the periphyton on the shell. Inorganic lead for example Is not deposited In the prismatic 
layer , the organic form goes to the outer periostracum ( Dermott et al .unpublished). High 
iron levels can bind the inorganic metal forms onto hydrous iron oxides which are then 
biologically unavailable to the clam. 
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Manly et al ( 1977). examined metal (Zn. Nl. Pb. Cd. Cu. Hg) occurrence !n a population 
of Anodonta mdUnai, L, ). Immature stages were used and differences found tn levels at the 
same site. The distribution in the organisms are; zinc and copper to the mantle, ctenidie 
and kidneys; nickel to the kidneys, mantle and ctenidia; lead to the digestive gtand and 
gonad; mercury to the kidneys, then evenly distributed. If the metal concentrations are 
high there Is a metal concentretton/body weight correlation, The polyvalent Ions Zn*. 
Cu* and Hg* became concentrated on mucous sheets. The mucous sheets are extracellular 
products so the ions are not assimilated within the tissues but are absorbed to a surface 
layer. 

Adams et 9l ( 1 96 1 ) transplanted the three-ridge clam ( Amblemo perplicdt^ to the area 
of an electroplating industry. The stu(V was aborted due to h^vy flooding but, clams 
showed uptake of cadmium and zinc in 7 days The highest zinc level was in the gill, and 
cadmium in the digestive gland. The gill acts as an adsorption/absorption mechanism for 
metals from food and particulate matter. The digestive glwwJ is also an 
adsorption/absorption mechanism. Smell particles are taken into the gland by 
phagocytosis or pinocytosis. Cadmium is then mediated by a carrier system and binds to 
calcium or manganese granules with subsequent storage in the digestive gland. 

Anderson's ( ) stucV included six indigenous clam species from an agricultural end 
urbanized area. The metals accumulated within the shell and bocV in the following order - 
Cd < Cu < Zn < Pb andCd, Cu, Pb. The body generally mirrored concentrations in the 
sediments, those in the shell were lower than sediments. The highest concentrations were 
found in the gills. Cop[»r , cadmium , and lead levels were at or below those of the 
sediments. 

The Asiatic clam ( Corbfculo flumfne^ was used in a four week lab stwV to determine 
their heavy metal indicator potential (6raney,Jr. et al,l983). They were exposed to the 
following: 

cadmium 0, 0.023, 0.055 mgL-1 as CaC12 
copper 0,0.016.0.057mgL-l"a5Cu504 
zinc 0. 0.022, 0.043, 0.84 mgL- 1 as ZnS04 
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SHBito 9^ for two weeks, then tncreeses raptdly to saturation at 1 weeks with no 
furtr»r change The giil cxjncenlration is representative of whole body concentrations 
during the biphasic accumulation. This indicates an example of very closely related 
animals behaving differently. Hemelraad also did additional kinetic studies comparing 
Arxxkmtacy^wa, Aanstm, and Unio pfctvum. His data confirms that cadmium 
accumulates In the whole animal as wel 1 as in separate organs for the three animals. 
Whole animal (soft bod/) burdens of cadmium were similar but individual organs varied 
according to species. Sizes of organs as with sizes of animals vary. Differences may also 
result from behavioural responses ( Hemelraad et al , 1 986). A.cy^m\% heavily 
pigmented often related to tolerance to anoxia. This may in turn promote uptake when 
other species can not tolerate low oxygen levels and stop siphoning. The other belief is that 
there may be calcium granules present in the mussel which are able to detoxify the 
cadmium and therefore make it unavailable in the form being analyzed for. 

Dreissena polymorpha^i& taken from a clean area and caged for 40-60 days at 1 -2 
metres below the water surface. Cadmium uptake was related to the last three weeks of 
exposure while copper was related to the last week. The levels of cadmium are not known, 
but given Hemelraad et als ( 1 986) biphasic accumulation theory, this exposure and 
accumulation agree. 

Smith et al ( 1 975) , investigated uptake of mercury of three species of mussel ( Anodonta 
grandis, Lamps/ / is racf lata, and Lasmigonecomplanat^ from water and sediments. The 
three mercury compounds were methylmercuric chloride, phenylmercur ic acetate, and 
mercuric chloride. There was a significant difference in uptake by the three species, with 
Agrancfis accumulating the least amount. The rate of uptake Increased with additional 
mercury concentration in the water. Temperature had no impact on the levels. A rapid loss 
of mercury occurred the first twoday^of d^uration, followed by little to no release. 
Smith and Green ( 1 975) concluded that water had to be very contaminated with mercury 
before levels became elevated in clams. 

Metcalfe et aK 1 987) , analyzed EHiptiocomplanata from a gold mining area and found 
high mercury end arsenic levels in soft tissues. They were taken from a very highly 
contaminated lake and found to be much smaller than others of the same age elsewhere. A 
high correlation of weight and age was determined, indicating age is important in 
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Copper showed ttie greatest amount of tissue uptake with a blocoicentratlon factor of 
22,571 when exposed to 0.01 6 mgL-1 ; cadmium 3770 exposed to 0.023 mgL- 1 ; and zinc 
358 exposed to 0.433 mgL- 1 . Steady state for cadmium was reached at 0.055 mgL- 1 
while the accumulation patterns were similar at all concentrations. Copper had th<^ same 
patterns of accumulation at a! 1 concentrations but there was no steaV state reached at the 
end of the four weeks. As with copper, zinc was Influenced py the length and concsntratton 
of exposure. There was no steacf/ state reached for zinc at the end of 28 days. There was a 
linear relationship between zinc concentrations in water and accumulation. Zinc Is 
regulated by the organism (Graney.Jr.et al , 1 983) and is therefore not a metal to be 
monitored by these organisms. 

Czanezki ( 1987), transplanted pocketbook mussels ( Lampsilis ventricosSli from an 
unpolluted site to a polluted one (one affected by heavy metals) in the same drainage basin. 
They were removed after exposures of 2 , 4 , 8 and 1 2 weeks, and depurated for 3 days. 
Lead and cadmium showaJ temporal and spatial trends, lead increasing by a factor of 1 75 
and cadmium 35 over background levels. Mussels did not reach equilibrium at 1 2 weeks 
because the 74.2ug/Q level did not approach the 386 ug/g for endemic mussels. 

Imlay ( 1982) believes Margdritifera mdrgoritif&^a m^ Elliptiocxmrplanata, are good 
candidates for monitoring because of their wide distribution. Anoctonta matina, according 
to Imlay ( 1 982), is a good indicator of heavy metal pollution, concentrations increasing 
with environmental levels, tl.margdritifera however are not as long-lived. He has found 
metals in the shells of these animals at levels several times those in the soft parts eg. 
cadmium 1 00 times the concentration in the soft parts, coppw^ six times the 
concentration , lead 450 times the concsntration , md manganese one times the 
concentration. He found copper to be 24 times more concentrated in the shells than in fish. 

Hemelraad et al ( 1 986) believes that A. c/spse is of limited value as a cadmium 
bJomonitor particularly at high environmental levels. At contain levelsof cadmium, the 
uptake is llnew to 20 weeks. If the cadmium level is hi^r, eg. 25 ppb, a blphaslc 
accumulation occurs where uptake is a relatively slow linear process for four weeks then 
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iufluBBcirvg bioaccumulation. Metcalfe et al( 1 987) consider £ amp/mata to be a poor 
regulator of mercury in that soft tissue concentrations increased almost exponentially 
wtth increasing body weight and age. This work concurs with the results of Smith and 
Green ( 1 975) in that a system must be highly contam inated to achieve elevated mercury 
levels tn bivalves. 



Holwerda et al ( 1 986), collected Anodtrntsmatinsml exposed them to 0. 1 25 uM D6TC 
(equal to 15ppbtin)for 7 months, then to bis(tri-n-butyltin) oxide at 5ugSn/L. Clams 
did not survive more than six weeks.The highest concentration of tin was found In the 
kidney although it was much lower than cadmium found in the gills. The low concentration 
factor of tin found in the kidney indicates that the organotin compound Is eliminated eta 
faster rate than inorganic cadmium ( Holwerda et al . 1 986). 
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Fosterer* ( 1 978) transplanted and caged mussels ( Quddrulo Qutxtuh) downstream of a 

copper electroplating industry. The exposure periods were 14, 30 and 45 days. Those 

closest to the outfall ace 'mulated 20.64 ug Cu g- 1 in 1 4 days, ten times the control 

mussel levels. Mussel concentrations decreased with distance downstream. Transplanted V 

four year old mussels exposed for 45 days showed copper levels to be inversely related to 

bod/ weight (small mussels accumulated large amounts). M 
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Harrison et al ( 1 972) exposed Anabnta nuttaHiana Lea to radtonuclides (46Sc, 5iCr, 

54Mn, 59Fe, 60Co, 65Zn, i57Eu, 182T8, 203Hg, and 2ioPb). All were found in internal 

tissues and organs indicating a transfer across the gut and/or exterior surface and 

circulation by the body fluid. The valence state determined the location of the radionuclide. 

High concentrations found in calcareous tissue were in a divalent state in soft tissues. 

Manganese, robalt, zinc, and lead were found in the highest percentage in calcareous 

tissues while scandium , chromium, iron, europium, tantalum and menxiry were fojnd in fl 

higher percentages in the digestive organ. 

I 

Anodonta cataractai 7.0 cm long) was exposed to fenitrothion in the laboratory ( McLeese 

etal,1979). The half life for fenitrothion is 0.3 to 8 da/s. Mussels were sampled etO, I ■ 

or 2, 4, 7, and 14 days and allowed to depurate for 1,4,7,21 and28days. 

Concentrations of fenitrothion in individual clams was variable and excreted quickly. 
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Maki et al ( ) , exposed 8 to 1 cm. long AncdOntas:^. lo 

3-trifluoromethyl-4-nitrophenol (TFM) over a 24 hour period. Samples were collected 
et 1 , 2, 5, 1 0. 1 4 and 24 hours. All animals concentrated TFM 3 to 4 times over 24 hours 
with significant individual variation, likely a result of behavioural differerxaes. Anocbnta 
eliminated TFN in 24 hours after exposure, extilbtttng a variable rate of elimination. The 
half- life of TFM in foot , gill and viscera was 20.4 , 20.2 and 20. 1 hours respectively. 

Both of these latter studies indicate slonlflcant individual variability In contaminant 
accumulation and elimination of organics. This may be a characteristic of Anodonta sp. or 
the age of the organisms used Variability was reduced in using E.cmplanato by 
restricting the sample *o a consistent size h.2-1.2 centimetres in lengith (Curry. 
1977/78). 

An organochlorine pesticide monitoring program in the Mississippi River system 
involving 7 specie of freshwater bivalve ( Amd/emacostato, Corbicula manilerats, 
EUiptlocrassfdens. Lampsfl/sanddbntofdbs. Lclafbornesfs. tlegaionaias gigantea. 
P}ect(merus dmbeyanus, indicated C.mmilensisi^ be the best for concentrating and 
eliminating pesticides (Leardetal,1980). 

Tatem ( 1 986) exposed Corbicula numine8\a three concentrations of contaminated 
sediments for 48 days. Significant quantities of PCBs were accumulated but relatively 
little lead and no cadmium. 

Salankl et al ( 1 978) exposed Anodonta cygnea L. to lindane, phosphamldon. phorate and 
trichlorfon. A reduction in their active periods was evident in several days. 

Bivalves exposed to PCBs in sediments accumulated PCBs: 
Cviroinica 8 1 ♦/-32 ng/g tissue 
M.arenaria l49+/-67ng/g 
M.meroenaria 131 + /-27 ng/g 



Ui£*j:ijit levels were 3^^-2035 ng/g (Stalnken et aU979). Uptake may be selective 
because the lower chlorinated isomers tended to accumulate in tissue more frequently than 
higher chlorinated isomers. This same occurrence was found in the marine phyloplankton 
and macrophytes. 

QTdfcuIajapomcs was used to stucJy the uptake of 

1 ,3,5-trichloro-2-(4-nitrophenoxY) benzene (CNP) (Okyama et al,l986). The 
bioconcentration factor was 4000 in shellfish withe half life of 10.4 days. During the 
decrease in CNP concentration a linear relationship existed between log of concentration 
and time However after 20 weeks this relationship no longer existed, indicating CNP 
came from saJiments. 

Crassostrea virginica and Rangia curmta were collected from St. Louis Bay, Mississippi. 
Arswilc In C.virginica was twice that of arsenic in R.cun^ta, selenium was two times 
hi^r in R.cuneata ( Lytle et al , 1 982). There was a negative correlation of selenium and 
iron with weight , with a significant positive correlation with copper and zinc. 

Heavy metals in Mercsnaria mercsnaria and sediments of a bay in Massachusetts indicated 
that sediment cadmium content did not vary with season or site. Copper, iron, and lead 
varied with site, not season. Zinc concentrations were site depend^t and seasonal. All 
tissue metal concentrations varied significantly with season . Zinc is regulated by the 
organisms. Cadmium and lead concentrations found in sediments and tissues were of 
similar order of magnitude suggesting that the organism does not regulate them. Copper 
and zinc were higher in the organism suggesting the two metals ere accumulated end 
metabolized by M.mercenaria (Genest et al , 1 98 1 ). 

Popham et a1( 1 983) tried to determine the combined effect of bod/ size, season, arwJ 
location on trace element levels in liytilusedulm Large mussels tend to have lower 
concentrations of copper than do small ones. This relationship has also been found in the 
freshwater clam ( Foster et al , 1 978). Mussels have higher lead levels in summer. Trace 
metals other than lead and mar^anese are higher in winter than summer. Except for lead 
and zinc trace metal concentrations decrease with increasing size. These researchers feel 
that because mussels of the same shell volume can have different volumes of water , dry 
weights should be used when doing analytical calculations. 
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The Pacific oyster ( Ctassastress ^tusi^ was used to determine the uptake of chromium. 
lead, zinc, and copper from sediments (Ayling 1 974). Depending on oyster size copper and 
chromium were accumulated to a maximum concentration. Lead was not absorbed through 
any identifiable process , and levels were comparable to those of the site. For Ippm 
catfcnium In the mud, the o/ster accumulated 25 ppm ( 4-5 ppm wet wel^t). (^dmium and 
zinc accumulation was dependent on the amount available. 

Simpson ( 1 970), examined the uptake and loss of zinc and lead by mussels ( fi/tHm 
edufiii to determine a relationship between uptake, body weight and reproductive cycle. 
Mussels had spawned in May /June. When transferred to clean water copper decreased as 
weight was lost, but cadmium did not. From September to January the dry weight 
decreased with time. Seventy-nine percent of mercury was lost after 80 da/s in a 
declining temperature regime. Temperature has not oeen considered a factor in 
accumulation by other resrarchers (Smith and Green, 1975). 

Accumulation of copper and zinc into soft bod/ tissues of mussels was linear over 5 weeks, 
and proportional to the external concentrations ( DSIlva et al .1 978), However , control 
mussels accumulated zinc as well. 

In a stud/ of Crassostrm virgmicx and its ability to accumulate lead it was found that 
after 20 weeks there was a significant linear relationship between lead uptake end the lead 
concentration in seawater (Zaroogian et al , 1 979). Tissue concentrations increased when 
exposed to seawater containing 1 .0 ug Pb kg- 1 .In the mussel the highest selenium 
(Se)-75 concentration was in the visceral mass, while the highest concentration of 
selenium was in the mantle. Uptake resulting In high concentration In the visceral mass is 
thcKight to have been food chain related. 

Schulz-Baldes ( 1 974), experiments were designed to determine uptake and loss of lead 
from the cwnmon mussel Mytilusedulis He used several concentrations of lead and noticed 
that all uptake patterns were similar over 6 weeks. For the first 40 days uptake was 
linear. For 35 days small mussels took up 2.5 times faster than large ones. After 5 weeks 
in lead, concentrations began to decrease. The kidney stwwed the highest rate of uptake and 
the highest rate of loss. The digestive gland, and adductor muscle Indicated losses as well. 
The gill rate was low. It seems the loss of lead is closely linked to the internal lead 
concentration. 
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»tor> ^ cadmium from the oyster Crassostrae virginfc^ ts affected Dysaimity, Is 
stoir, unrt may take place in a biphasic maoner ( Mowdy . 1 98 1 ). Loss was rapid In the 
fJrst two days and after forty- two days to seventy- four days, but stopped from 43-60 
and 74- 1 04 days. Cadmium may be found slowing the process down. 

Luteneta) ( f9d6), examined the accumulation, elimination, and speclatlon of cadmium 
and zinc in M.edulis \t. the natural environment cadmium is present In the cytosol of 
mussels, bound to a protein smeller then metal lothionein. Cadmium and zinc are taken up 
linearly but are not eliminated. The cytosol behaves as a strong complexlngagwit for 
cadmium , a significant amount is still available for DPASV, This has been postulated by 
Adams et ai ( 1 96 1 ) for freshwater clams. 

Ober et aK 1 987), compared molluscs, crustaceans and shellfish species with respect to 
copper, zinc, cadmium, lead, mercury, nickel, antimony, selenium, Iron, and chromium. 
Cadmium , lead, copper , nickel were highest in molluscan species; zinc and iron highest in 
crustaceans; copper and antimony accumulated similarly by molluscs and crustaceans. 

Talbot ( 1987 (b)) has been able to develop a (^jantitatlve relationship between total 
recoverable cadmium in seewater and its concentration in the mussel. He has determined 
that the seawater concentration should not be {rwter thai 0.2ug/L if the mussel is to 
remain at or below a cadmium concentration of 2mg/kg wet weight. In order to follow this 
guideline the weights, lengths and season are Important factors. 

Cadmium uptake in Cressostree virginico was hl^iest In the gill , mantle, hepatopancrees, 
end least In the adductor muscle (Hung- Yen- Wan ,1982). A cadmium level of 0.05 ug/m I 
was used with the chelating agents EDTA, NTA and humic acid for 40 days. He concludes 
that the chelators decrease accumulation with the exception of the adductor mus:le. The 
accumulation was evident at any tKnpK^ature but the hl^^t rate was at high 
temperatures. 

The major route for bioaccumulation of dissolved trace metals in marine bivalves is via 
the gills ( Hare*/ et al , 1 98 1 ). If sediments are absent gills rapidly accumulate cadmium 
from seewater. Bioaccumulation is linear over a 48 hour period. If sediments are added 
the cadmium absorbs to the sediment particles and Is unavailable. 
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Nolan el a1 (1 983), Investigated the mechanism of upt*e of cadmium by rfytifusedulis 
Levels of cadmium were increased over a 24 hour period. As the dose in the water 
increased the amount of cadmium bound to metal lothionein increesed. Cactnium 
accumulates in subcellular fractions but mainly in cytosol bound to metal lothionein (a 
class of low molecular weight, sulphydryl-rich proteins). Gradually the cadmium 
increase causes the hravy molecular weight fraction to increase to the point where other 
processes begin to be affected. Nolan et al ( 1 983) outline 3 patterns of uptake: 

1 ) shell- adsorption occurs binding to organic material on the sides; 

2) mucous on gills and mantle -have an affinity for cadmium and work to 
minimise changes in cadmium in water; 

3) hepatopancreas and kidney- uptake cadmium at lower concentrations but more 
rapidly than the gilts/ mantle, tend to level off at a higher dose. 

Watling et al ( 1 983) have been working with the bivalve tkmexs&rs to oonflrm their 
use as biomonitor. In a three week exposure, tissue cadmium concentration increased with 
increasing concentration in the test solution. The order of accumulation was: olll»> 
digestive glanc> muscle> mantle> gonad> foot> syphon. 

Zaroogian ( 1 980), found higher cadmium levels in smaller animals. At higher 
concentrations variability increased. When gills reached high levels cadmium was bound 
to mucous sheets. They concluded that weight decreases were rejected k increases In 
cadmium concentration. Phillips ( 1976) suggests the same. Also cadmium was 
distributed as visceral mess>gin>mantle. At temperatures less than 6 degre« Celsius 
C.vfrginica was not a useful cadmium indicator. They believe size Is Important and small 
animals are best used, There was no value in using specific tissues over whole soft parts, 

Mussels exposed to (admium for 25 end 50 days had filtering rates altered after 1 00 ug/L 
(Sturensson ,1978). Only small amounts of cadmium were taken into the carbonate 
crystal lattice. Field mussels grew faster than caged mussels. Cadmium has been 
well -studied in the marine environment indicating uptake to vary depending on 
temperature, animal size, concentration, presence or ^sence of sediments. 
Bioaccumulatlon has begun after 24 hours exposure and up to five we^s. 
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PentTBBnt ( 1 973) examined the mechanism of accumulation of the radionuclides 65Zn. 
54f1n, 58Co, and 59Fe by f'lytilus adults The greatest accumulation of radionuclides in 
M.edufisr<Ht£> in the stomach and digestive gland. A weight less affected the digestive gland 
and iron in the fat.lron conjugates in the bysuss gland area of the foot. Pentreatti was able 
to demonstrate that nuclides are accumulated via particulate matter sequestered by the 
mucous. He feels water pla/s a very minor role In the accumulation of nuclides. 

The Eastern o/ster accumulated significant levels of mercury when exposed to mercuric 
chloride ( Mason et a1 . 1 976). Accumulation occurs in two distinct phases, linearly over 
eleven days, Phase one is rapid uptake, then reverses and shifts to a linear Irreversible 
form. Since no food was involved in this study, uptake Is believed to be throu^ gill and 
mantle tissues via water. 

OstreeeckJits accumulated mercury in 48 hours through the gills. Protein presents 
binding sites, reduced when the animals are starved, and causing less uptake to occur 
(Wrench, 1 978). Wrench proposes that the gills present a high degree of permeability 
passing mercury on to other tissues where the amount taken up is determined by the 
binding capacity. The digestive gland has high protein content and there r^resents a basis 
for high concentrations and equilibrium. 

When mercury levels are low a loss of iron occurs from the mantle fringe In mussels. 
Cytosomal uptake seems to be the mechanism for mercury uptake ( Fowler et al , 1 975). 

The «jstern oyster { Crassostres virginic^ accumulated organic and inorganic mercury 
compounds In the gills in excess of 0.5 ppm (Kopfler,1974). /^fll///5 determined the 
presence of mercury in water which indicated no mercury. After a 1 00 day exposure 
period levels were the same « the natural mussels of the area ( Davis et al , 1 978). 
Mussels exposed to 20 ng/L showed a significant change in mercury concentretiwi in 20 
dff/s. 

Uptake of mercury by the intertidal mussel ( MyiiluscaJifa-nianu^ was studied by 
suspending the animals et four depths for 24 weeks ( Eganhouse et al , 1 978). There was no 
relationship to depth. In two to five weeks the digestive gland had accumulated mercury; 
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after 1 2 weeks the adductor muscle mercury had not Increased substantially. The gwwcJal 
tissue mercury Icvclo increased gradually over 1 2 weeks, highest levels found at 1 6-20 
weeks. 

In a marine simulated environment Mytilus gdHt^rovincialisVW^ was exposed to 
10-100-200 ppb of mercury, rapidly accumulating to 40,000-100.000-130,000 ppb 
( Majori et al , ! 971 ). At 500 ppb uptake dim inished as a result of animal health. The 
maximum non-lethal concentration of 200 ppb of Hg*a!lows the mussel to deaccumulate 
from 1 12.000 ppb. 

Mercury uptake by the various marine bivalves studied Indicated the gills to be 
rudimentary in mercury uptake and bioaccumulation to occur from 48 hours to 1 6-20 
weeks. Mercury and iron relationships exist in the organisms, while selenium and 
mercury work antagonistically on accumulation, 

Watling et al ( 1982), wanted to determine the use of the brown mussel ( Pemepern^ as 
an indicator organism for South Africa. Mussels of a similar size range were chosen to 
examine filtering rates. Manganese caused a steady Increase in filtering rate; selenium and 
mercury complexed and worked antagonistically. Increased mercury decreosed filtering, 
while moderate selenium concentrations showed a dramatic filtering rate increase. 
Smaller mussels were most sensitive to copper. The organic mercury compounds had 
similar effects on fillering as mercuric chloride. Arsenic (arsenate) and manganese had 
no effect on filtering rates in the smaller organisms. If these metals have an Impact on 
filtering rates in freshwater organisms, additional research should be done to determine 
the impact on rates of other contaminant accumulation. 
Grieg et el( 1 978), attempted to determine if silver and copper were taken up from 
sediments. Crassosfrsg y/ry/n/aKX[}oseti eleven weeks to mudd/ sediment accumulated no 
significant levels of silver or coppei . When exposed to sand/ sediments accumulated no 
copper. When transferred to clean water , o/sters tend to retain their metal content. 

Luten et al( 1 986) examined Mytilus Bdulis twice ayeer at nine sites for four years and 
detected mercury, lead, cadmium , copper and zinc Pre-spowning cadmium and lead levels 
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were kjwer thwr mew spawning The seasonal variation in sort tissue weights wlin the 
trace metal burdens was examined in somatic and gonadal tissues over a nine month period 
( Latouche et el , 1 98 1 ). Gonadal burdens of copper did not show seesonality , others were 
highest in late winter/early spring at the time of gametogenesis. Somatic burdens of 
nickel , mangan^e and zinc were greatest in ear ly spr ing and managanese appeared to 
increase later in the year. The somatic burdens of a^per. cadmium and vanadium 
fluctuated but with no regularity. Metals appeared more abundant in the somatic tissues. 
Tissue weights increased with reproductive cycle, associated with increases In gonadal 
materiel and with low metal levels and corresponding decreases In metal concentrations 
over all. Phillips ( 1976) and Zaroogian ( 1980) suggest that metal levels do not actually 
change but appear so by the weight differences. Gonadal and somatic weights should be 
analyzed separately and sampling should take place the same time each year from the same 
population. Tissue weights should be recorded. 

Carmichael et al ( 1 979) . investigated the use of the marine bivalve kidney as a metal 
indicator. However , the \:H^,Arg[^}ecten irrodiensts^ Aff/ddi/sfiisp\o/ differences in 
calcium , manganese, cadmium , copper and chromium. This evidence adds creedence to 
Phillips' ( 1 973) comments on the differences between closely related organisms. 

Strong et al ( 1 98 1 ) studied variations in the correlations of body size with 
concentrations of copper and silver. Correlations ( metal concentrations/bo(V weight) 
varied among species and with the metal. They point out 4 conditions which are typical of 
the meta!/bodv size relationship: 

1 ) In ^rt term exposures ( in the laboratory) metal uptake by smaller individuals of 
many species is more rapid than by large ones; 

2) growth can dilute metal levels, especially where growth is quicker and tissue is added 
faster than rretal . younger bivalves grow quicker than older ones; 

3) if there is a positive correlation between size and metal concentration it may meen a 
long-term chronic exposure to a metal depending on Its uptake rate; 

4) some metals may equilibrate and therefore present a positive correlation, this occurs 
in a metal enrjched environment. 
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"The optimum way to represent tissue metal concentrations In Indicator organisms 
is probably best determined by the objectives of the representation," (Stronflet 
fll,I981) 

Comparing chronic contamination among stations must take age into consideration , 
whereas temporal fluctuations must include the use of several size-classes of organisms. 
Strong et al( 1 98 1 ) believe collecting a range of sizes is the best strateg/ in a monitoring 
program. 

Biomonitoring programs are useful if procedures and costs can be reduced, therefore 
sampling and analytical methodologies must be improved when possible. Arsenic analysis 
is not routine nor easy analytically , therefore Latouche et aU 1 982) investigated the 
need to separate tissues for analyse. Arsenic was positively correlated with somatic 
tissue weight. The somatic and gonadal tissues were similar but the somatic tissues are 
alwa/s higher for other metals. Their work suggests it is unnecessary to separate tissues 
for arsenic determinations. 

Using radiotracer arsenic Unlu et al( 1 979) traced the factors affecting the flux of arsenic 
through the mussel /iyfi/usgd/Ioprovincid/fs. Increased temperature incre«»sed the rate of 
uptake until 1 7 days when the uptake rate decreased to rech isotopic equilibrium. 
Arsenic as arsenate is accumulated very slowly and is not proportional to water 
concentrations. Arsenic is also accumulated only by the soft parts. Smaller mussels 
accumulating more arsenic than larger ones. This is also rated with copper. Arsenic 
increases at low salinities even when weights stay constant. Loss of arsenic is related to 
temperature until 1 3-20 degrees Celsius then no relationship exists. This stud/ 
concludes that bysuss formation/excretion is an important way to lower arsenic levels. 

The oyster ( Crassostrea vfrgin/c^ and mussel ( Mytilus eduliii wereexposel to ambient 
seawater conditions in the laboratory and to concentrations of nickel expected to be found 
in the environment ( Zaroogian et al , 1 984). They found that there was a significant linear 
relationship between soft tissue nickel concentrations in both animals, and <aawater. The 
seawater concentrations were 5 and 10 ugNi/kg while oysters accumulated 9.62 ■»■/- 
3.56 and 12.96 +/- 5. 15 ug Nl/g dry weight, and mussels 10.40+/- 2.66 and 16.43 
+ /- 3 1 3 ug Ni/g dry weight. 
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The uptake and accumulation of nickel dy these two animals takes place quickly In the first 
two weeks after exposure has ended. Nickel loss does not seem to be time nor temperature 
dependent. M.eclulis\% considered the better of the two organisms for use as an 
accumulator of nickel because it accumulates nickel to a greater level and shows less 
variability amongst its number (Zaroogian et al.l984). 

Seasonality of organisms and the SMSon selected for exposure is important in planning a 
biomonitoring program, Mix et al ( 1 982), tried to determine if seasonality was an 
Important factor in ben2o(a) pyrene (BAP) uptake. Samples of flytilus edulis were 
collected at ten day intervals over a number of months pre- and post- spawning. The/ 
separated the tissues into somatic and gonadal and analyzed them for benzoC 8)pyrene. The 
majority of BAP was found In the somatic tissue indicating that se^onality had no affect on 
concentration of BAP accumulated by the mussel. 

Kira.et al ( 1 983) took mussels from an area of petrochemical industries and analyzed 
them for dibenzothiophene ( DBT). In "4- 6 deys the/ accumulated 600-800 times the 
concentration in water. 

Stainken ( 1 976) used the soft shel 1 clam , Myaarenana exposing them to *2 fuel oil 
(naphthalene, methyl substituted naphthalene isomers). Clams ejected a considerable 
amount of mucous, reducing their filtering rate to SO- 1 00 ppm. The first week of 
depuration was rapid, slowing after 1 4 days, although not all naphthalenes were gmie. 

The clam Rongia cuneota^f& exposed to BAP-C 1 4 at 0.0305 ppm for 24 hours end 
accumulated to 7.2 ppm ( mean) ( Neff et al . 1 975). Nearly 75^ of radioactivity was 
localized in the viscera (digestive system .gonads .heart) while the mantle, gills, and 
adductor muscles, foot each had 3.5- 1 03B of total radioactivity. When exposed to "clean" 
water 701 was released in ten days and after 20 days only 0. 1 ppm was left. Complete 
depuration to non-detectable levels was 30-58 days. It appears that marine bivalves 
accumulate certain organics rapidly up to eight days but then lose them again from 1 4-20 
days. 
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Ekelund et a1 ( 1 987) , examined contributions from food, winter and suspended particles to 
the deposit-feeding marine bivalve ( /I/'r.9/7///d&Muller). Accumulation was higher in all 
experiments when suspended particles were added. Hydrophobic pollutants adsorb to 
suspended particles. Lindane, a non- hydrophobic pesticide is not absorbed to suspendaj 
particles. 

fiytilusedulis^&r^ exposed to 29 ppb of polynuclear aromatic hydrocarbons They were 
also present in long-term exposed mussels ( 123 ppb) (Livingstone etal, 1985). 
Lysosomal stability was significantly reduced in animals frofr, both oil conditions. 
NADPH-CYTCRED activities increased then decreased under clean water conditions. The^ 
changes likely enhance metabolism. 

Phillips ( 1 976) is considered an authority on bivalves used as indicator organisms. He 
suggests that mussels not be u^ for copper monitoring in the marine environment 
because the animal regulates the copper. His studies also showed that seasonal weight 
variations are not indicative of metal content fluctuations. In other words the mussel 
weight changes over the year but metal content stays the same year around. Some rigid 
rules are set down by Phillips for sampling: 

1 ) all mussels should be collected in a short period in the same season ; 

2) all samples should be taken in midwinter when mussels weigh the least but appear to 
have Increased metal levels; 

3) a minimum sample sia should be te individuals of similar shell length and wet 
weight; 

4) they should be taken from the same depth and area? of salinity; 

5) do not use for copper monitoring. 

Some bivalves accumulate certain metals rapidly while others do not. Copper and zinc 
appear to be regulated by the majority of bivalves studied and cadmium seems to have 
some relationship tc gametogenesis end spawning in freshwater bivalves. Cadmium can 
have a biphasic uptake and/or linear uptake depending on the ambient concentration. 
Marine bivalves regulate copper so should not be used to monitor copper. Arsenic 
accumulations bear no similarity to environmental levels. Manganese and lead tend to be 
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r\n\ snell development. Smaller bivalves usually tend to accumulate greater 
concento-ations 01 contaminants although they imply that age is the controlling factor, not 
size Mercury has been reported as accumulating in a matter of two weeks in the marine 
environment while freshwater studies indicate weelcs to months, and then only if the 
system is contaminated. Several organic j have been shown to have rapid periods of 
accumulation and elimination. Two studies say that bivalves mirror the concentrations of 
contaminants m the sediments, while others, and personal -jxperience have not found 
sediments lo have any impact on accumulation, Metals seem to be associated more so with 
the somatic tissues than the gonadal ones. This may be related to cytosomal uptake. 

Bivalves fit many of the criteria put forth as characteristic of a gcjod monitoring 
organism. They are relatively easy lo identify; large enough to provide adequate tissue for 
analysis; sedentary , filter feeding means ointaminants can be taken in via water , food, or 
bound to particulate matter , hardy enough to transport and handle 
easily in the laboratory or field; they can be tagged or marked for experimental purposes; 
and have growth/stress rings for aging purposes as well as for slicing for contaminant 
analyses; and some gill -breathers or pulmonates are quite tolerant of low oxygen 
( Amblema perplicsta, Ancdonidcataracta cataracts, Agrmdis grandis, Spfiaerwm 
tr&isversum. S.stnatmum.) which suggests they could be useful in heavy industrial 
discharge areas 



4.9 Fish 

Seelye et al ( 1 962) used hatchery reared yellow perch ( Perca flavescen^ to evaluate 
contaminants released from dredged sediments. They make the following recommendations; 

1 ) -provide consistency in size and origin of test organisms if bioaccumulation 

procedures are to be used for regulatory purposes. 

2) -provide consistency in handling sediment in terms of oxidation or reduction of the 

saJiments; 

3) -use water of the same hardness and salinity as dredged area; 

4) -use en exposure greater than ten days ( time-series data should be collecta) to 

enable estimation of stead/ -state concentrations based on uptake patterns) ( ten 
days did not t'low for a pattern of chemical accumulation in fish). 
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Olsson et 8l ( 1 978). emphasize the need for taking seasonal variation into acxx)unt when 
looking at organochlorine accumulations in fish. Since organoch 1 or ines are lipophilic and 
fish weights change according to spawning season etc. a method of standardizing organisms 
is needed. 

Caged yearling rainbow trout ( SaJmo gairdnerh and native fish species (white suckers, 
longnose suckers, flathead chut) ( Hybopsisgrdcili^ of the Athabasca River were sampled 
following blackfly larviciding ( Lockhart et al ,1 977) . Rainbow trout accumulated 
methoxychlor in the liver. Mussels, crayfish, and aquatic insects did not accumulate 
methoxychio''. Caged native fish did not accumulate methoxychlor to the same degree as the 
wild native fish. It seems caging of fish may underestimate fish contamination. Chub and 
suckers were not successful fish species for caging, causing serious abrasion to 
themselves on the cage sides. 

Fathead minnows ( PimepheJespromeJoi^ caged in the field end tested in the laboratory 
showed marked differences in their response to cadmium (Sullivan et a! ,1 978), In the 
wild, dissolved cadmium was S.S-'IS.^ ug/L (ppb), 48 ppb in the laboratory. Whole 
background levels in lab and field controls averaged 0.29 and 0.002 ppm respectively. 
Field fish reached 3. 1 9 ppm ( dry weight) cadmium in 1 2 hours, laboratory fish 8 days. 
Lake water was 3.4 degrees Celsius higher , and turbidity greater than in the laboratory. 
They hypothesize that these differences stressed the fish to increasing metabolism and 
uptake of cadmium , concluding that laboratory studies do not reflect field work. 

Trlfluralin accumulation was proportional to the concentration In water with reversible 
accumulation ( Spacie et ai ,1 979). Large river fish had slower rales of tr ifluralin 
clearance than lab minnows. 

Seaso.ne! variation in RGBs over a seven year period indicated levels of PC»s peaked in the 
spring and decreased rapidly back to tDase level (Olsson et a! , 1 978). It could have been 
caused by increased spring runoff or increasaj activity of fish due to spawning. There was 
no correlation between DDT and RGBs with size, sex or age. There was no relationship 
between RGBs and fat levels, as determined by Suns et al ( 1 98 1 ). 
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Forty-five freshwater fish of various sizes and types were analyzed, fish tissues 
separately from wastes for each fish (Zamojski et al , 1 986) . Each fish species had higher 
levels of HCH , DDE , ODD , DDT and :otal DDT in wastes than in tissues. Wastes of those 
eating primary producers were lower than those eating predaceous species. Wastes 
Indicated a correlation between higher fats and higher organochlorlne levels than tissues. 
Mercury accumulation was dependent on the type of food eaten. 

Caged Juvenile raintiow trout exposed to llnolentc acid reached a maximum concentration 
in 1 2 hours. Residues were found in gills at levels greater than blood nd viscera, with 
little in muscle ( McLeay et al .unpublished). Othp- fish were exposed four days to purified 
dehydroabietic acid. The highest accumulation was in the blood pl^ma. liver, kidney , 
brain and muscle Excretion was predominately through the hepatobiliary route in a 
conjugated (detoxified form). In two days rainbow trout levels were similar for abletlc 
acid, neo-abiettc, pimaric. sandaracopimaric, isopimaric, levopimaric and palustric. 
Concentrations did not increase with exposure past two days. Indigenous perch ( Peroi 
f/uvidd/i^ levels were similar to caged rainbow trout. Lxkhart et al ( 1 977) found 
Indigenous fish to be higher in concentration for organics than were caged fish. 
Chloroguaiacols accumulated in pike !iver tissue and muscle. Chlorophenols are conjugated 
10 glucaronides and sulfates in liver for biliary and branchial excretion; only a small 
portion is excreted in an unconjugated form. Guaiacols are lost up to 75^ in the first day 
after transfer to uncontaminated water. 

The biaccumulation of radium 226, added to a lake in the Experimental Lakes Area (ELA) of 
northern Ontario, was similar for lake trout, white sucker and lake whiteflsh but had no 
dependence on water concentrations ( Hesslein et al , 1 984). 

Caged northern pike ( Esox luciu^ in the English-Wabigoon River System were exposed to 
mercury and selenium for 3 weeks ( Turner et al , ). Selenium reduced mercury 
accumulation via food Intake, When using fish, as with other organisms, It Is necessary to 
know what other metals or Interacting parameters there are in order to interpret the 
results. 



Spottail shiners ( Notropis hLJdsoniui\ and yellow perch ( Perca flavescen^ have been 
used since 1 975 by the Ontario Ministry of the Environment to investigate point and 
non-point source contaminants for spatial and tempo, al trends. The young fish are of 
known age They have been useful for heavy metal and organochlonne pesticide. PCBs, end 
mirex determinations. Used yearly with the same sizes, species and time of year 
collections some variability inherent !n field collections are eliminated ( Suns et 
al. 1 978 ; Curry et al. 1 979, Suns etal, 1980(a). Suns etal, 1980(b) ; Suns etal,l 981 ; 
Suns et al , 1 983( a) , Suns et al , 1 983(b); Suns et el , 1 985( a) ; Suns et al , 1 985( b) ; St. 
Clair River Pollution Investigation. 1 986;). The young fish have also been used to look for 
chlorinated phenols, polychlorinated dibenzofurans, trichlorotoluene, chlorobenzene and 
2,3,7,8-TCDD (Sunset al,1985(a)(b)). K.Suns( personal communications) indicates 
spottail shiners are useful for lead (although organic lead change are seen very rapidly), 
mercury and cadmium , but other metals are regulated by the fish so levels are not true 
reflections of the environmental levels. Fish generally are not useful for chlorinated 
phenols. Chlorophenols are readily metabolized and excreted. 

Interspecies comparisons are being developed with emerald shiners ( Notropis 
atherinoide^ and common shiners ( Notropis cornutu^ for selected metals, 
organochlorine and other organic contaminants. 

The young fish program has been well accepted for use in nearshore waters, and programs 
have been started in the United States states bordering the Great Lakes to develop a 
database of contaminants in those waters. 

Sport fish are generally used as indicators for consumption guidelines in Ontario. U is 
difficult to interpret the sport fish contaminant levels since the fish migrate and may 
accumulate body burdens of contaminants from areos of heavy industrialization. 

Linder et al ( 1 985) exposed rainbow trout to anthracene and anthracene mixture finding 
that less anthracene was accumulated in mixtures than alone. In the mixture, anthracene 
could have b^n absorbed to suspended particles and unavailable to the fish. In the 
laboratory study, fish were starved causing an accumulation of anthracene in the bile. If 
fish had been feeding the bile would have been released and metabolites excreted. 
Depuration rates were higher in fish exposed to m'xtures, perhaps due to induction of the 
mixed- function oxidase enzyme system. 
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Bruggemanet a! ( 1984) looked at the biaccumulation of super-lipophilic chemicals in 
fish. The high chlorinated biphenyls showed low clearance rates with uptake from 
contaminated food. Some of the chemicals ( hexabromobenzene, octachlorodibenzo-p-dioxin 
and tetradecachloroterphenyl) were accumulated in live and dead fish. Some of the other 
chemicals were found in the same levels in both dead and live fish. This suggests uptake not 
to be a physiological response for all chemicals, but a passive action of adsorption. 

Dichlorobtphenyl and pentachlorobenzene were quantifiable during dietary administration 
but were cleared in 1 A days. Jeter- ,hex8- ,xta- , and decach lor obi phenyl gradually 
increased with exposure and gradually decrrased after dosing stopped. The most lipophilic 
were still present at the end of the experiment ( 84 days). Moderate lipophillcity is 
conside"8d to be a logP of between thre^ and five They believe uptake is restrictive to 
molecules of certain sizes. Ge/er et al( 1 985) tried to determine if their was a 
relationship between fish and its lipid content, and the potential for a chemical to 
bioconcentrate. They found that for 1 ,2,4-trichloroben2ene there was a significant 
positive correlation between the lipid content of the fish species and their 
bioconcentration factor ( BCF ), The log BCF on a lipid basis agrees wel i with the log 
n-xtanol /water partition coefficient. Variability between fish species is reduced if you 
look at lipid rather than wet weight for bioconcentration. Bioconcentration excludes 
consumption end absorption of contaminated food ( Velth et al , 1 979). 

Marine animals accumulate PCBs and DDT differently to freshwater organisms, since 
inconsistencies exist in animals from the same area (Goerke et al,l 979). PCB 
concentrations based on wet weight are positively correlatec to lipids, PCB concentrations 
based on lipids increase from bivalve to fish and appear to be correlated to trophic level. 

Baltic salmon ( Sal/no sa/ar) and Bothnian Bay trout ( Safmo iruttSi muscles, livers and 
unfertilized eggs were analyzed and found to have PCB , DDT , HCB , lindane, 
2,3,6-trlchlorocymene and 1 chlorophenols (Vuvlrnen et al,l985). The 
chlorohydrocarbons were positively co'^related with weight and fat contents. Vuvlrnen et 
al ( 1 985) agree with Goerke et al ( 1 979) that in stud/ing chlorophenols it is better to 
look at fresh weight rather than lipids. This applies to fish from the freshwater 
environment as well. 
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Polycyclic aromatic hydrocarbons have been studied using marine fish 
( G/e/iMriysmi/r3d!li3-^\^\iZ^eT or $an6gi:iby,0//asa//fi/s 
maci//osi/S'SCu\p\r\,C/t/far/c/?t/}yss/.'gmset/s-^n6 dab). PAHs are taken up through the 
gills of fish, metabnlized by the liver .and transferred ( hydrocarbons and metabolites) to 
bile and excreted, G&U bladder is the major storage site ( Lee et al , 1 972). Uptake in the 
laboratory occurred within minutes, excretion was through the urine. 
Rainio et aU 1 986) analy2ed for PAHs in mussels, Baltic herring ( Clupea harengu^ , 
pike- perch ( Stizost^ioneucicperc^, end burbot ( Lota loti^. Very few of the PAHs were 
found in fish muscle, tending to accumulate in li'-er and gall bladder. 

DouAbdul et al ( 1 987 ) analyzed fish in the Arabian Gulf for PAHs. They also found that the 
PAHs were accu.iulated and rapidly excreted. PAHs are of high molecular weight, nonpolar 
and with low water solubility. They can still accumulate in fish but are metabolized and 
excreted as wate-'soluble metabolites. Another study looking at benzopyrenes and 
naphthalenes indicated that the fish were able to eliminate naphthalene and metabolites 
fastp" than benzopyrene and metabolites. The major metabolite of K-5,4-ben2opyrene is 
H-7,8-d1hydro-7.8-dehydrooxyben20pyreneandof naphthalene is 
1 ,2-dehydro- 1 ,2-dehydrooxynaphthalene. 

Monocyclic aromatic hydrocarbons (MAHs) are accumulated through water (Whipple et al 
1 98 1 ). Uptake is rapid and excretion, although rapid, is somewhat slower than uptake 
( 48 hours). The major route of excretion of metabolites is via the bile to the intestine and 
through the feces . It seems larval fish have some difficulty in metabolizing and excreting 
MAHs likely di s to incomplete development of their digestive system. 

Fish ( Valencia hispsnicii from a marsh area in Spain were analyzed for mercury. There 
were no weight/mercury, length/mercury relationships perhaps due to the area not being 
contaminated with mercury. These relationships are apparent when there is contamination 
(Rinconetal.1986). 

The literature has indicated discrepancies between results from wild fish and caged fish 
even though exposed to the same contaminant. Caged fish likely underestimate what is in 
the system. Cadmium in the field has been shown to accumulate m 1 2 hours. Radium levels 
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in fish are relatal to calcium concentrations in the fish. Chemicals associated with the 
pulp and paper industry are found to be quickly accumulated ( 2 days) and eliminated . 
Chlorophenols in fish are conjugated by the liver activity and readily excreted. It has 
been suggested that if looking for chlorophenols in fish, fresh weights not lipids should be 
examined. Many organlcs (organochlorlnes in particular) are accumulated by fish in lipid 
stores. PAHs ere metabolized by the fish liver and excreted or stored as metabolites. The 
PAHs are usually stored in the liver or gall bladder not fish muscle, therefore a 
monitoring program taking and analyzing fillets Is unlikely to find anything. Monocyclic 
aromatic hydrocarbons are rapidly accumulated and excreted vie the bile, intestines and 
feces. 
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5.0 SPECIFIC CONTAMINANTS - RECOMIENDED ORQANISMS 

Tables 3 and 4 represent the information from the literature pertaining tc specific 
contaminants and accumulation/ equilibrium. They also include information on organisms 
regulating contaminants, and suggestions for using/not using certain organisms. There are 
many gaps in the available information , but what does not exist can be useful in 
■eliminating what not to use for biomonitoring depending on the project objectives. 
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6 DISCUSSION 

The review of literature on biomonitoring and potential biomoniloring organisms indicates 
8 considerable amount of research done in the marine environment but relatively little 
for freshwater. The freshwater studies predominately deal with metals in bivalves and 
organlcs In fish. 

As seen in the literature that does exist even very closely related organisms are different 
in the way they react to a contaminant. This can be seen from phytoplanlcton through to 
fish. These differences, even within species, must be considered when selecting the best 
possible organism(s) for a biomonitoring program, Osnsequently, depending on the 
objectives of the program , a number of species may be used. The objectives of a program 
may include: 

- Identification of a specific contaminant source; 

- presence /absence of a contaminant or host of contaminants (organics, metals); 

- determination of concentrations of contam Inants; 

- trends in contaminant levels with time and space (short-term/long-term); 

- or , any combination of the above. 

From the information available, organisms may meet the criteria for a good biomonitor as 
outlined by Phillips ( 1 973), or only meet one or two and be considered impractical for 
use on a large-scale le. province-wide basis. 

Neither phytoplankton nor zooplankton fit many of the criteria of a useful biomonitor. 
They are sensitive to certain metals and pH changes, they are short-lived; small in size 
requiring large numbers for analyses, they are mobile (actively and passively); and 
single species samples are impossible to collect (species variations in contaminant uptalce 
necessitate a single species for a stuct/)- 
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Macroalgae (filamentous algae) accumulate contaminants in proportion to the water . Tfiey 
have also been known to regulate metals ( manganese, iron), and are influenced tjy 
metal-metal interactions (Phillips, ). Mocroalgee ere restricted in their habitat 
locations by nutrients, and physical parameters which do not always exist in are^ 
requiring environmental monitoring, These factors reduce the usefulness of this organism 
in a Dlomonltorlng study of a site-specific nature. 

Macrophytes have specific requirements for growth excluding them from many of the 
areas where biomonltorlng investigations must take place. They are relatively 
short-lived; appear to accumulate from sediments only; accumulate in the roots; and do 
not accumulate in proportion to the surrounding aquatic environment. 

The freshwater aquatic insect information is also sketchy, Mayflies do concentrate 
contaminants to levels reflecting levels of the surrounding water, but they do not meet 
many of Phillip's other criteria. A short life spai complicated by larval transformation 
restricts use of these organisms to specific time periods. A relatively small size means a 
large sampling effort and/or successful culturlng facility. Handling and transportation are 
not easy and viable alternatives. The use of indigenous animals may be restricted by insect 
drift complicating result interpretation. 

Crayfish offer several advantages for use as a biomonitor. They are large enough for 
individual analyses; they are detritivores accumulating from sediments , water , and 
suspended particles, they can be handled and transported easily, although cannibalism can 
occur in cages; sex differences in contaminant uptake do not appear evident; and, they have 
been shown to accumulate selected contaminants with respect to the surrounding 
environment. However , crayfish do regulate some metals, they molt lasing contaminant 
body burden rendering them susceptible to diseaa and predation, and the marine 
literature suggests the possibility that freshwater crayfish may metabolize organics as do 
marine crustaceans. Overall , crayfish are not considered a practical alternative to 
province-wide biomonitoring. 

Worms such as the marine htereis diversicoJor have been known to regulate metals 
(Phillips, ). The freshwater information is limited, but factors such as size; associations 
with the sediments ; and , the percentage of contaminant found in the gut in relationship to 
the whole animal . suggest they also are inappropriate for routine biomonitoring. 



Leeches have proven to be excellent monitors for chlorophenols. The^ are plentiful , easy 
to trgnsport and handle, of sufficient size to produce an txtequate sample, starvation 
resistant, and are relevant to the public as fish bait. From practical aspects they are an 
ideal biomonitoring organism, bu* additional research is required for use with 
organochlorines and metals. 

Clams also meet many of the characteristics of a good biomonitor. They are large enough to 
provide an adequate sample, easily aged, ubiquitous, sedentary, represent uptake via food, 
water , and particulate material , easy to transport and handle, they can be caged with or 
without sediments , end dc 5CC'-'"iulate metals and organics ( particularly organochlor ines) 
in relative proprtion to their environment. 

Fish have been considered in this review, but are considered as long-term biomonitors. 
Short-term biomonitoring involving caging of fish is possible but can be labour intensive 
and expensive. There are discrepancies in the literature as to the comparability between 
caged anu wild fish concentrations. 

Bivalves and leeches seem to have the most potential as biomonitoring organisms for 
routine, regulatory monitoring. Although there is some conflicting information on 
bivalves and use as biomonitors ( marine and freshwater), there is a considerable bulk of 
information available. The largest stumbling block is the wealth of information on 
various species and contaminants but no focused work (with the exception of the Ministry 
of the Environment's work) on a specific species or two end a selected list of contaminants. 

The reviews available which provide information on mechanisms of uptake and elimination 
relate to the marine environment. The diversity of responses, even within species, rules 
out direct application to the freshwater environment, but information is outlined here for 
speculative purposes 

Marine orcpnisms possess a variety of mechanisms for accumulating and metabolizing 
toxic metals from the environment. Fowler et al ( 1 98 1 ) outline three major 
intracellular compartments responc'ble for trace metal accumulation; 
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1) calcium phosphate granules end concretions - ttie kidney of bivalve molluscs appears 
lo have calcium phosphorus concretions as does the hepatopancreas of crustaceans. The 
calcium granules detoxify the contaminant. Cadmium for instance, may be detoxified 
and stored in the digestive gland of bivalves; 

2) lysosomes - play a role in intracellular compartmentatlon of Iron, mercury, lead, 
copper, and zinc in marine invertebrates; 

3) low molecular weight metal-blndlng proteins (6- 10,000 MW) have been found to 
bind cadmium , copper , manganese and zinc in various organs of marine species. 

The affinity of metals is for subcellular proteins and other molecules, and not on 
lipid-water partitioning as is for organochlorines (Phillips, ). The detoxified materials 
can be stored e: intracellular granules in membrane-bound vesicles, in skeletal material 
(bivalve shell, crustacean exoskeleton), or in lipid stores. 

The cytochrome P-450 monooxygenase or mixed function oxidase (MFO) system Is 
Involved with the detoxification of foreign organic compounds taken up by the tissues 
( Livin^tone et al , 1 985). This system is found in fish, crustaceans, polychaete worms, 
bivalves and gastropod molluscs. It may take several weeks of exposure to indure any of 
the systems which exist for detoxification of metals or organics. Animals that have 
detoxification system-:- mety not be as suitable as biomonitors unless patterns can be 
established from previous studies to know when these systems are induced. If the animal 
can be taken before this process begins, the subsequent results provide the monitoring 
Information required. 

No one organism can be said to display this system for all contaminants. This is why the 
information provided in Table 3 has been compiled. In planning a study samples would be 
collected before detoxification and equilibration occurs. 

Ba/ne et al ( 1 979) says although some people do not feel that bivalves have the 
biochemical capacity to metabolize contaminants, others have actually recorded oxidation 
of aldrin to dieldrin in vitro ( Anodonta sp. tlytiluscalifornianus and t1. eduli^. If tt is 
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true ihal they do not metatiolize organic contaminants then levels accumulated must depend 
on lipid-water pariition coefficients ( Bryan, 1 979). Although .here are no quantitative 
differences in lipids between freshwater and marine organisms, there are differences in 
the fatty acid component of the lipids. Fres'iwater organism lipids contain 18:2, ld:3, 
1 8:4 acids while marine lipids have long chain polyunsaturated acids. These differences 
arerelated to diet (Phillips, ). 

If an organism is large it has a small surface area to volume ratio, and therefore 
equilibraiion of residues Dy lipid-water partitioning at the body surface will be a slow 
process. The amount of lipid in organs may vary, accounting for differences in uptake. 
Similarly organisms such as fish have higher lipid contents with age and can accumulate 
more organics than a younger member of its species. This is why it is important to use the 
same size or age class each year. The use of lipid content versus wet weight in bivalves 
could eliminate sexual dlfterences for organochlorlne determinations. 

Contaminar.ts once metabolized can be excreted or lost by different routes; diffusion across 
the general body surface and gills, via mucous secretions, In the feces ,and urine. The 
lipophilic contaminants can accumulate in eggs and be eliminated as they are released 
(Sastryeta!, 1987). Several metals are associated with shell and exoskeleton, the latter 
is lost during the molting stage in crustaceans and aquatic insects. 

There are many factors which require consideration when planning a program and when 
interpreting the results: 

1 ) tiydrophobtc contaminants can adhere to suspended solids or sediment 
particles- These are essentially unavailable to most organisms but the filter- feeders. 
A monitoring exercise without a depuration period could indicate higher levels of 
associated contaminants than are biologically available. If using worms, much of the 
contaminant can be in the gut and not a true reflection of what is biologically available, 
therefore a period of depuration Is recommended; 
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2> spie*«l4©n of trace metals-e number of forms of a metal migm be dominant under 
. conditions of low pH; high sediment organic content; presence of other metals; and 
anoxia. These can affect the biological response eg. the free cupric ion or dissolved 
copper species determines toxicity to an organism ; mercury methylated by microbial 
activity in highly organic sediments is more toxic than inorganic mercury; 

3) metabolic rate-smaller organisms tend to have a higher metabolic rate than do 
larger ones of the same species. Uptake of contaminants is generally quicker using 
small or younger animals. 

Recent work by Mohan et a! ( 1 987) indicates that frrehwater bivalves have "inherent 
tissue specific resistance potentiality to withstand ambient pesticide toxicity by suitably 
iiiodulating its metabolic profiles." These adjustments may help the animal mitigate 
pesticide toxicity and increase its survival capacity. Implications exist here for 
biomonitoring programs related to pesticides, however additional information and 
clarification is necessary from Mohan et a! ( 1 987). 

In the course of this review it has become clear that the Ministry of the Environment has a 
considerable amount of data from past monitoring programs, 8iMJ information to be 
gathered from 1 987's field season ( which included use of clams and leeches). This 
information is considerej to be the most potentially useful for biomonitoring decisions. 

To concU;de this discussion , a number of points from the International Mussel Watch are 
outlined. This organization has used mussels ( marine) in the United States and in several 
other countries for a number of years. Their experience in biomonitoring is invaluable 
and can serve as guidance for freshwater studies. 

1 ) They consider 25 animals as an adequate sample. 

2) Nitrates, phosphates .chloroform . carbon tetrachloride can not be monitored by 
bivalves. 
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3) Bivalves appear to have minimal ability to metabolize petroleum hydrocarbons. 

4) Only gross contamination Is plcicedup by mussels ( metals). 

5) Loss of metabolites during haemolymph loss in the shucking process is a concern 
when using bivalves. 

6) Samples should be taken during a period of least change ( ie. winter months). 

7) Theyuseasetsizeof 50-80 mm. 

6) Use of Immature bivalves removes potential sex differences possible in accumulation 
during gametogenesis/spawning. 

9) A 24 hour depuration period is important but requires care if you looking for 
hydrocarbons or organochlorlnes. 

10) Both wet and dry weights should be determined. 

1 1 ) Use of individual tissues is only necessary if very detailed information is required. 

12) Use of shells as indicators is difficult (cleaning is difficult, analyses of the matrix is 
complicated) and not recommended. 
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7.0 CONCLUSIONS 

The bulk of the biomonitoring research pertains to molluscs and the rnanne environment. 
The freshwater- related literature is scattered in scope and direction, "^he most consistent 
approach , and established database of contaminant monitoring using biological organisms, 
lies with the Ontario Ministry of the Environment, Water Resources Branch. 

On a global scale the use of yellow perch, spottail shiners, and C/ddt^yhora provide a 
well-developed database of temporal and spatial contaminant trends in the province. 
Short-term , temporal and spatial biomonitors such ^ clams, can provide a database for 
site-specific situations. The clam has proven itself as a useful tool for organochlonne and 
selected heavy metal contaminants. The clam data can be consolidated to provide a database 
established in terms of contaminant, exposure period, geographical location, and 
contaminant accumulation. The gaps in this particular database of clam information will 
emphasis areas of further research outlined from this report. 

The prom :se shown by the use of freshwater leeches In accumulating chlorophenols can be 
exploited. Their simplistic structure allows for uptake and accumulation of only 
wat -soluble contaminants, with no facili >y for metabolizing them. Consequently the 
contaminants accumulate and provide investigators with information of contaminants in 
the aquatic system. 

Depending on the biomonitoring program objective, clams and/or leeches caged together , 
may provide the b^t possible solution to short-term , site-specific biomonitoring. They 
are inexpensive, easy to handle and transport , of a size to provide a good analytical 
sample, hardy, detritivores, and ubiquitous in the aquatic environment. 

Aquatic worms aquatic insects, crayfish and macrophytes should not be eliminated as 
biomonitors. Although the literature is lacking in areas, these organisms dn meet criteria 
established by !='hllllps ( 1 973). Aquatic worms and macrophytes are best used In 
investigations of sediment contaminant contributions to the aquatic system. Aquatic insects 
end crayfish may be best used investigating selected metals under controlled conditions 
such as laboratory biOMonitoring studies. 

The filamentous algae and young fish can continue to be used as "watch dogs" of 
contaminants over large areas and through time 
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S.O CURRENT TECHNIQUES (CAGES. EIC ) 

Ihe Ministry of the Environment's current biomonitorlng programs include simple 
techniques but can provide considerable information. They are the; 

t ) spottall shiner ( Notropis hudsoniu^ surveillance - Great Lakes 

2) yellow perch ( Perca Havestxn^ surveillance - inland lakes 

3 ) Clacbphoro survei 1 lance - Great Lakes , connecting channels , and 

Georgian Bay 

4) the sport fish surveillance - inland lakes, Great Lakes 

5) site-specific studies using caged clanr:, leeches, and fish 

The first three surveillance programs provide clues to the source of the contamination by 
strategically Ixating collection sites. They represent biomonitorlng programs of wide 
scope, temporally and spatially , answering questions such as: 

-What is present /absent since the last survey? 

-Have the levels increased/decreased"'' (barring no changes in analytical technique) 

The fourth relates general information for consumption guidelines. Program 5) serves to 
pinpoint pollution sources and provide uptake information on a short-term basis. 

Collection techniques for these programs are simple - trapnets, seine nets for 1 ) and 2); 
gill nets for 4), manual collections for 3), caging organisms or hand-picking indigenous 
organisms for 5). These are simple programs and relatively inexpensive (other than for 
analytical costs), fcr the information they provide. 

Not every STP discharge, or industrial outfall has a population of spottail shiners or 
growth of Cladophord located at their discfiar ge. So, of Ltie other bioinonilor ing 
organisms/methods included in the literature review and those currently In use by the 
Ministry of the Environment, caging of clams, young fish, and leahes are the most 
appropriate for short-term , investigative projects where metals , organics, and their 
contr ibutions to the surrounding aquatic environment are questioned. 
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In ^lecttngthe biomonUoring tool for use. the first step is to determine the objective of 
the monitonng exercise The organism( s) to be used can then be chosen Tables 3 and 4 
provide guidance for selection of an organism best suited for the contaminant( s) of 
interest. 

The Ministry of the Environment has spen. considerable time developing the best possible 
techniques available for thebiomonitoringorgan!sm(s) they have been using. The Aquatic 
Contaminants Section of the Water Resources Branch can readily outline the techniques 
they have used. The Research Advisory Committee has funded a study on clam cages and 
handling techniques ( (j be completed in 1 988) which will provide useful information for 
those interested in clam studies. 

The following is a listing of the references in this literature review pertaining to 
biomonitortng techniques: 



0ikara.A.etal(1985) 
Hasselrot.J.B. et8l(l974) 
Turner, M.A.etal ( 19 ) 

Mercury Pollution In the 
Wabigoon- English River System 
Lcckhart.W.L. 



Czarnezki.J.M. (1987) 
Adams.T.G. etal(1981) 
Bedford, J.W.et aid 968) 

delCastilho,P.etaUl983) 

Jacob.C. etal(1985) 
Nehring,R.B.(1976) 
Dickson. K.L.et aid 974) 



fish cage - rainbow trout 
•fish cage -salmon 
c/llnder - northern pike 
cage - yellow perch, pike 

cages - crayfish 
cages- rainbow trout, 
white sucker Jongnose 
sucker .flethead chub 
cages - pocketbook mussel 
cages -three ridge clam 
pens, monofilament lines - 
mussel 

polyethylene baskets - 
mussels 

cylinder - leech 
livebox - md/flies 
live bags - fish 
plastic cones - snails 
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Colborn.7,(1962) 
Ahlt,W.elaUl981) 
Mix, M.C.etaU 1982) 
Simpson. R,D.( 1979) 

Heitmuller.P.T.etaK ) 

Delisle,C.E.etal(1976) 
Luten.J.B. eta](1986) 
Kauss.P,B.elal(1985) 
lnniss,C.S.etal(1978) 
Flood, K.et aid 986) 
Fox.C etal(1987) 
Curry. C. (1977/78) 



- fiberglas cages - Insects 

- perspex tube - algae 

- bags - mussels 

- plastic mesh cages - 
mussels 

- cage - any animal on 
sediments 

- collapsible cage - insects 

- nylon baskets - mussels 

- steel cages - cl^ns 

- cage - fish 

- cage - rainbow trout 

- cage - clams 

- cages - clams 
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9.0 EXAMPLES OF CURRENT BIOnONITORING RESEARCH AND FUTURE 
RESEARCH NEEDS 

1 ) Environment Canada and the Ministry of the Environment are developing the use of leeches 
as biomonitoring toois, particular emphasis has been on their use with chlorophenols. 

2) The Great Lakes Institute of the University of Windsor is investigating; the importance of 
sediments in cantaminant uptake; seasonality as a factor in uptake; and, the comparability 
of Lamps) lis radwta and Elliptiocomplantd as biomonltors. 

3) Integrated Explorations Limited of Guelph is involved in determining temperature effects 
and procedural variations on contaminant uptake using f.comp/drmta . 

4) The Department of Piologica! Sciences, University of Windsor is developing biomonitoring 
protocols for use of adult aquatic insects -this includes collection procedures and the 
importance of seesonel variation end insect dispersal. 

Future Research Needs 

1 ) cultLTlng of freshwater clams - 

Balsam Lake has had, and will likely have, considerable pressure placed on its clam 
population since it is currently the source of organisms for the province's biomonitoring 
programs. This pressure, combined with the fact that the yellow perch is the only known 
host of Eiliptiocompldnatd^ larval stage, and that the yellow perch population may 
diminish due to pollution, indicate a need to investigate culturing possibtilties. 

2) development of other clam species as biomonitors - 

Another ubiquitous clam species should be selected for comparative wo-'k with 
E.complanatd and in conjunction with the work underway by the Great Lakes Institute. 

3) study of clam behaviour with respect to valve closure - 

The implications for result interpretation could be serious if the clams are shut-down for 
two weeks of a three week exposure period. This becomes more important if clams are to 
be used in comparing discharges for impact assessment. 
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4) c)amsize studies - 

In order to eliminate sexual differences in uptake of contaminants -se of immature clams 
may be necessary. If the clams are to be used at the same time of year each year , and 
compered temporally . then the size now used by the Ministry of the Environment can be 
continued. 

5) develop a complement of leech species for biomonitoring - 

The literature indicates one specie accumulates selected isomers (chlorophenols). so 
another species or two should ba found to serve in monitoring the other isomers. 
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10.0 RECOMMENDATIONS 

1 ) Concentrate eTforts on using clams and leeches as blomonltorlno tools (caged) in 

industrial dixharges, STP outfalls, etc.( pinpointing pollutant sources) 

2) Obtain an alternate source of EJJiptiocomplandta using both Balsam Lake clams and the 
alternate source in concurrent studies to assess comparability. 

3) Obtain a consistent and reliable source for the leech species to be used. 

■4) Establish a central databank of information on the uses and analytical results from clam 
and leech studies within the province. This will clarify answers to questions still existing 
with respect to their use. Baseline data as with the spottoil shiner , yellow perch, 
and Cladcfihora programs will then be available. 
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TABLE 1 ~ Freshwater literature on field and laboratory studies using blomonitonng organisms - orgmics. 



ORGANISn 



FIELD/LAB NUriBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEI6HT PERIOD SOURCE 



Angullla angullla artlDcial 

Oaphma magna ponds 

Scardinius erythrophthalamus 



14 months sediments 



Salmo gairdneri 


caged in 


8/cag8 


Hybopsis gracilis 


field 


e-n/ragft 


white suckers 






iongnose suckers 






Pimephales promeias 


ponds/lab 


200/pond 


Lemna minor 






Typha sp. 






Saimo gairdneri 






minnows 


river /lab 




sport fish 







101 hours STP 



15 weeks hydraulic Huid 
vinyl plastic 



industrial 
discharge 



mussels 
aquatic insects 
golden eye 



rivar 



9 days 



blackHy 
larvicide 



pisnktonic organisms 



5 weeks 



teuclscus rutllus (roach) 



field 



84x20-30 



runo^ 



Orconectss virilis (crayfish) field, lab 



watwt. 



Orconectes virilis 



lab (outdoor 
pools) 



lake low pH. 



TA&LE 1 - Freshwater liUralure on field and laboratory studies using biomonitoring organisms - organics. 



DEPUR. COnPONENT COHTAHIMANTS 
PERIOD ANALYZED 



conrtENTS 



REFERENa 



PCBs 



LarsscnX. 



liver .icidney, methoxychlor 

rmiscie .digestive 

track 



rainbow trout liver uptake rapid Lockhart at al 1977 



whole organism triphenyl 

phosphate ^-«tJ>yl 

hexyl-diphenyl 

phosphate 

trifluraiin 



within 24 hrs only 50% 
Inwatar 



proporUona! to watier 
concentration; river fish 
Slower clewance rates 
than lab minnows 



riuiri).C.G.el al 1982 



Specie etal 1979 



whole organism methoxychlor 



in nsh 9 days after treatment; Freadean. GJH. at al 1975 

absorbs to suspended 

particles 



organises as PCBs 
scraped from 
multiplates 

homogenates of PCBs 
whole organisms 
pooled. 



used mulUplates.Hsh 
and sediments ;no 
consistency 

levels peaked in spring 
no correlation of PCBs, 
DDT with size, age, sex 



Sloan, RJ. et al 1983 



OJsscn. n. et al 1978 



individual tissues cadmium .fenitrothion final concentration proportional to Leonard, Si., 1979 

environmental level. 
peaked 1 9 days afler 
application: liver, gill 
more Cd than-stomach, 
intestine, tail. 



PH 



early mott stages are 
most susceptible to low 
pH; related to Ca upt^e. 



halley. D.. 1980 



TABLE I - Freshwaler liUrature on field and laboratory studies using biomonitoring organisnrts - orgsnics. 



I 



ORGANISn 



FIELD/LAB NUTIBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEM6TH) WEI6HT PERIOD SOURCE 



Lampsllts siliQuotdea 
Anodonta grandis 



caged in field 
(monofilament 
line) 
(metal pens) 



79 



10 weeks STP 



Ancylus DuviaLilis Elull. 
(mollusc) 
Coregonus fera 
Junine (fish) 



lab 



24 hours 



Anodonta cataractae (clam) lab 



7 cm. 



2 weeks 



Anodonta sp. (mussel) 



lab 



50 8-10 cm. 



24 hours. 



Lamps! lis radiata 
Elltptio complanatus 
Andonta grandis 



field 



Amblema costata 
Corbicula maniiensis 
Elliptiocrassidens 
L. claibornesis 
llegalonaias gigantaa 
Plectromerus dombeyanus 
Lampsilis anadonloides 



Held 



agriculture 



leeches 



fteld/ 
lab/caging 



1 week 



TABLE 1 - Freshwater literature on field and laboratory studies using biomonitoring organisms - organics. 



DEPUR. COnPONENT 
PERIOD ANALYZED 



CONTAnrNANTS 



conriENTs 



REFERENCE 



none whole animal 



DOT el at; showed decrease down 

methoxychlor stream; melhoxychlor 

hignest at 6 weeks (lower 

at 10): A. grandis in later; 

plataaued in 2 weeks but 

did not reach as high; invertebrates 

(Tubir. Chiron) had higher levels 

but more variable concentration's 

than mussels. 



Bedford, J. W. el al 1968 



atrazine. s-triazine 



rapid uptake of atrazine by 
both. 12-24 hrs.; uptake from 
water significant, through gills: 
kinetics - uptake through 
water-exchange mechanism of 
uptake and exchange. 



Gunkel.G.etal 1980 



••••• whole body 


fenilrothion 


D's variable; excreted 


721 




relatively quickly: conclude 


28 days 




OP'S do not accumulate to 
an ap(>reciable amount. 


24 


S-trifluoro nnethyl- 


variable uptake, vartrtile 


hours. 


4-nitrophenol (TFM) 


elimination; all concentrated TFM 
3-4 X over 24 hours. 



McLeese, D.W. el al 1979 



naki, A.W. el al 1960 



riuoroanthene. pyrene, no correlation between concentration Meit, M. et al 1980 
perylene, 1-methyl In tissue and body weights; did not 
pyrene. arsenic, Un. seem to accumulate As and Sn; 
radionuclidesjnercury. Cd concentrated highest also Hg, Se 
selenium 

toxaphene, DOT C. manllensis better able to 

concentrate pesticides and eliminate Leard. Ri. et al 1980 
them. 



t week 



2. 3. 4, 5-tetra 

chlorophenots. 

PCP. trichlorophenol. 

chlorophenols 



no chlorophenols in water but 
after 7 days in leeches; no 
release of CP's; do not appear 
to degrade CP's; 24 hours 
BCF 40-100. 



Jacob. C. et al 1985 



TABLE 1 - Fr^shwaUr iiUrature on fwW and laboratory sUxlias using btomonitorinj organisms - organics. 



ORGANISn 



FIELD/LAB NUnBER SIZE WET/DRV EXPOSURE POLLUTION 

(LEN6TH) WEI6HT PERIOD SOURCE 



rish, leeches, crayfish. field 

tadpoles, benthos, aquatic 
insects 



6lossiphonta complanata 
H. stagnalis (Helobdella) 
Erpobdslla punctata 
Dina parva 



field 



Dina dubia 

Glossiphonia complanala, 

fish (rock bass, white sucker, 

common shiner, longnose dace, 

darters),crayfish. bullfrog 

tadpoles 



field 



STP, old 
chemical dump 



Limnodrilus hoffmeisteii 
Tublfex tiubifex 
(oligochaete worms) 

Gammarus pseudolimnaeus 
Palaemonetss kadrakensis 
Orconectes nais 
Daphnia magna 
Ptarnarcys dossata 
Corydalus comulus 
Culex tarsaiis 
Chaoborus puncUpennis 



lab 



lab 



1 10 days sediments 



Hyalella azteca 



M 



wetwi. 



Procambarus cisrkii 



field caging 



10 days HCB landfill 



TA6LE I - Freshwater literaUire on rield and iaboraLory studies using biomoniloring organisms - organics. 



DEPUR. COrtPONENT 
PERIOD ANALYZED 



CONTAniNANTS 



corrriENTS 



REFERENCE 



chiorophenols Hsh absorb quickly, eliminate 

quickly (10 hrs.); leeches 
high: tadpoles > frogs: aquatic 
Insects, crayfish low, 

2. 4. 6-lrichlorophenol H. sLa^alis - highly 
2. 3. A. &-tetrachloro chlorinaledf . punctata. D. 
phar.al; PCP parvus had lower chlorinated: 

levels in water and leeches 
did not correspond. 



Carey, J H. el at 1983 



netcaife. Ji.etal 



2 weeks 



2, -HDCP; 
2, 4. 5-TCP, 
2. 6-OCP, 
PCP 



leedies accumulated 40,000 - 
140.000 X water concentration: 
rock bass highest fish 3000 x: E. 
complanata lowest levels; 
0. dubia best but restricted 
distribution. 



Metcalfe, Ji. et al 1984 



48 hour 



chlorinated organics 



worm uptake proportional to 
sediment concentration; smaller 
worms accumulate more. 



diver, B.6., 1984 



Aroclor 1254 



rapid uptake: life changes 
affecbd. 



Sanders. H.O. et al 1972 



anthracer.3 



uptake from sediments /no sediments Landrum. PI. et at 1983 

from water, rate constant same 

with/without sediments; organic 

sed. & anthracene contributed 

77X of steady state body 

burden; animals on organic sediments 

at highest risk. 



soma 



hexachlorobenjiene 



males weighed more than 
females: females tended to 
accumulale and retain greater 
proportions. 



USEPA 1976 
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I 
I 
I 
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I 



TABLE 1 - Freshwater lileraUire on Held and laboratory studies using biomonitoring organisms - organics. 



DEPUR. COMPONENT 
PERIOD ANALYZED 



CONTAniNANTS 



fenitrothion 



2, 3. 7, 8-tetr« 
chlorodibenzo 
para-dioxin 
(TCDD) 



living/ dead cells PCBs 



individual ti<^sue5 linolenic acid, 

dehydroabietic add, 
abietic acid; neo 
-abietic; pimaric; 
palustric; 
sandaracopintari c . 
Isoplmaric; 
levopimaric; 
chlorogusiacols 



muscles, tissues, organochlorine. 

wastes insecticides, heavy 

metals (HCH. DDE 
DDD, DO", DDT) 



COntlENTS 



REFERENCE 



Leonhard. Si., 1977 



isensee. A P., 1978 



accumulated above envlronmenta! 
levels even after the 
insecticide had disappeared. 

accumulates 2-7000 x water 
concentration; direcUy related to 
water ; equilibrium in tissues 
7-15 days,not translocated immobile 
In soil (t 1/2 1 year); slowly 
pholodegraded in soil. 



3 diff. PCBs; water cwjcentratlon Wang, K. el al 
increased so did cells; living and dead 
adsorbed to surface then taken 
into lipophilic part; accumulation 
factor 5630. 5420 living, 
4760, 5140 for dead cells. 



juvenile RBT - max. 12-24 hrs. 
declined rapidly, gtlls > blood, 
viscera; highest blood plasma; 
kidney, liver, brain then muscle; 
2 days similar; caged RBT plasma 
bile - after 2 days, no change; 
Individual perch same, pike muscle, 
liver greater; n^etabolism - 
execretJon; resin acids excreted 
via hepatobiliary route in 
conjugated (detoxified) form; 
chlorophenols conjugated to 
glucaronides and sulfates in liver 
for biliary and branchial 
excretion; zebrafish - 4 wks. to 
trichloroveratrole accumulation SOS 
lost 3 days. 



ricLeay, D. et al 
(unpublished 1986) 



higer levels of OC's in wastes 
(more fat); primary producers had 
lower levels, predaceous 
higher; Hg showed dependent on 
type of food, other metals did not. 



Zamojski.J. etal 1986 



TABLE 1 - Freshw«L«r liUrtture on Raid and laboratory studies using biomonitorinq organisms - organics. 



0R6ANrsn 



FIELO/LAB MUriBER SIZE WET/DRY EXPOSURE WJLLUTIOH 

(LENGTH) WEI6HT PERIOD SOURCE 



EDiplio complanstus 
(clams) 



rield-csging 5/cage 

introduced 

clams 



6.5-7.2 wetwt. 3 weeks chemical 
cm. industry 



Spottajl shiners 
(Notropis hudsonius) 



Nolropis hudsonius 
(spotiail shiners) 



rhid 



riiid 



6-10 X 10 


wet weight spring to nonpoint 


rish/siba 


September sources. 




Industrial. 




agricultural 


20 fish 


wet wt. nonpoint 


composites 


sources 


/site and 




10 fish 




composites 




/site 





Elliplio complanata (clam) 


Held 


to/cage 


6.5-7.2 wet wt. 


4-6 weeks industriat 




(transplant) 




cm. 


agriculture 




in cages 








Notropis hudsonius 


field 


10 fish 


similar sizes wetwt. 


collected at Niagara River 


(spottail shiner) 




composites 


each year, 
the same 
location mid 
30-70 mm. 


the same Industrial, 
time of year STP 
each year 


Notropis hudsonius 


field 






Niagara River 



Cladophora glomerala 
Etiipto complanatus 
sport fish species 



EllipLio complanata 



field caging 



6,5-7.2 cm. wetwt. 



TABLE 1 - FrtshwaLor lit*r«lur« on field and laboratory studies using biomonitorinfl organisms - organics. 



DEPUR. COnPONENT 
PERIOD ANALYZED 



CONTAniNANTS 



connEMTS 



soft body Ussues HCB, ocLachlorostyr.ne clams on sediments, did lipid 
whole pentachlorobenzcne. content, no weight loss, 

hexachlorobuLadiene, determined active inputs. 

2. 3. 6-trichloro 

toluene, alpha-BHC 



REFERENCE 



Kauss, PB.elal 1985 



whole nsh 



whole nsh 
composites 



organochlorine 
pesticides. PCBs 



octachloroslyrene. 
HCB, chlorinated 
phenols. 2,3.7,8- 
TCDD, poly chlorinated 
dibenzofurans, 
trlchloro toluene, 
chloroben?ene. 
organochlorines, 
mercury 



soft body tissues PCBs. organochlorine 
pesticides. 



lipid content, annual collections, 
nearshore wate'^ Great Lakes: 
signincanL site differences as well 
as temporal differences. 

lipids, spatial and temporal 
trends apparent 



Suna.K.etal 1961 



Suns, K.etal 1995 



took up PCBs within 8 days; 
control clams relatively clean 
ie. significant differences 
between the 3 sites. 



Curry. C.A. 1978 



whole fish PCBs; mirex; young fish of a known age and 

composites organochlorine localized area are good indicators 

pesticides; chlorinated of contaminant sources and 

benzenes; 2, 3. 7,8 reflect temporal and spatial 

-TCDD differences. 



Suns, K.etal 1983 



organochlorine 
pesticides, PCBs, 
heavy metals 



spotlails and clams have proven 
useful in biomonitoring; 
Cladophora was useful for OC's 
and metals; only limited by 
growth needs ie . wave action 
essential nutrients. 



Report of the Niagara 
River Toxics Committee, 

Oct-84 



whole body 
tissues 



Kauss, P.B.etal 1981 



TABLE 1 - Fr«shw«Ler liUrature on n«ld »n<J liborttory studies using biomonitoring organisms - organtcs. 



0R6ANISn 



FIELD/LAB NUflBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIOHT PERIOD SOURCE 



rish 



12 weeks Grand River 



SpoLLail shiners 
(Notropis hudsonlus) 



transboundary 
mlgraUon 



Spottail shiners. flsltf 

clams. Morons chrysos (bass) caged clams 
Perca flsvescens (y. perch) 
Ictalurus puncLatus (caLHsh) 
Cyprinus carpio (carp.) 



SI. Clair R. 

chemical 

ind-,.jtry 



spolLai) shiner 
Salmo gairdneri 
(rainbow trout) 



field/caging 50 fish/cage 



high grade 
bleach, krafl 
mill 



Perca flavescens 
EllipUo complsnata 



field/caging ! 5 clams/ 6.5-7^ cm. wetwt. 
cage 



road oiling 



Notropis hudsonius 
(spolt«ii shiners) 



field 



wetwt. 



Great Lalies 

industrial. 

agrlcuttural, 

nonpoint 

sources 



TABLE 1 - Fr«shw«ler liLsrature on Held ami laboratory studies using biomonitorirv) organisms - organics. 



DEPUR. COnPOMENT 
PERIOD ANALYSO 



CONTAniNANTS 



conncNTs 



REFERENCE 



as rish exposure progressed the 
* of compounds increased in the 
fish, therflfore identifies classes 
of compounds of biological 
significance; fish had more 
contaminants than did water. 



International Environmental 
Consultants 1981 



mirex, PCBs 

chlorobenzencs, 

oclachlorostyrene 

HCB. OCs, dioxtns. 
perchloroethylene , 
dibenzofurans. 
pentachlorobenzene , 
PCBs. hexichloro- 
butadiene 



used to determine transboundary 
migration of contaminants and 
point sources for investigation. 

sport nsh denoted decreases 

over 15 year; clams accimiulaLed 

HCB. OCs, PCBs. 

pentachlorobenzene, 

hexachlorobutadiene; 

young fish - HCB, OCS, 

percholoroethylene. 

dioxins. dibenzofurans: 

1 . 2, 4-and 1 . 3, 5- 

trichlorobenzene, 

and 1.2.3, 5-and 1.24. 5- 

tetrachlorobenzene in water 

not in dams. 



Suns.K.elal 1983 



St, Clair River 

Pollution Investigation, 1986 



5 whole fish chlorophenols spottail shiner 

composites data pinpointed chlorophenols to 

be at 1 site. 



Flood K.etal 1986 



whole body soft PCBs 
parts; whole fish 
composites 



whole fish 
composites 



organochlorine 

pesticides and PCBs 



both fish and caged clams had 
sign levels of PCBs, clams toolc 
PCBs up in 8 days. 

chlordane was higher in urban 
areas than agricultural; PCBs. 
total DOT. mirex reductions over 
time. 



Suns.K.elal 1980 



Sunset at 1981 



TABLE 1 - Freshwater literature on Held and laboratory studies using biomonitoring organisms - organics. 



ORGANISn 



FIELD/LAB NUMBER SIZE WETADRY EXPOSURE POLLUTION 

(LENGTH) WEI6HT PERIOD SOURCE 



Rana lemporaria (frog) 
Aslacus leplodectylus 
(crayfish) 



l8b 



3 frogs/ta* 
1 crayHsh/ 
tank 



av. 28 +/- 
6g.av. 53 
+/-13fl. 



injected 
phenols 



Salmo gairdneri 
^rainbow trout) 



m 



72 hours 



Asiatic clams 



Held (caged 114 clams/ juv^5-85 
native clams) cage mm. adults 

transplanted 21-22.9 



point source 

discharges 

therr.ial 



Coregonus artidi 
(lake Cisco) 

Coregonus clupeaformis 
(lake whitefish) 
Salvelinus namaycush 
(lake trout) 

CalosLomus commersoni 
(white sucker lEsox lucius 
(northern pike) 



Held 



TABLE 1 - Fr«shw»l«r liLsraUirt on fi«Jd and l^wraLory studies using biomonitoring organisms - organics. 



DEPUR. COMPOHENT 
PERIOD ANALYZED 



CONTAniNANTS 



conrtENTS 



REFERENCE 



gallbladder, gul, phenol, 3- 

gilts, antennal. nitrophenol, 3^ 

gland: gills. diethylphflftol. A • 

antennlal glands aminophenol 



144 
hours 



frog routes of excretion - gills, 
gut, antennal gland, smaller 
molecular wt. and more polar 
phenols can be eliminated from 
compartinent 1 , eliminated from 
compartment 2 is reversed 
except aminophenot; bilary 
excretion is minor, 4- 
amlnophenol most rapidly 
eliminated; frog ranks between 
goldfish and crayfish for 
excretion of phenol, 3- 
nitrophenol, 3,5-dielhyiphenol; 
eliminated phenols by crayfish 
can not be dealt with the some way. 
excT'^tion from gills is major 
route; goldfish can eliminate most 
rapidly due to high permeability 
of fish gill. 



anthracene alone and in immaUre fish were starved - 



NagelR.elai 1981 



Lii)der.6.etal 1985 



mixtures 



PCBs, DOT, heavy 
mttals 



accumulation of contamination in bile, 
if fish were feeding bile would have 
been released and metabolites 
excreted; less anthracene 
accumulated in mixture than alone: 
may have been competition for 
binding sites:higher depuration 
rates in fish exposed to mixtures - 
caused by induction of mixed 
function oxidase enzyme system. 

called and wild clams behaved 
similarly: responded as expected 
along a stress gradient: 
consider It a good monitor. 

metal level, to water level 
ratios indicate lake trout and lake 
w'^iteftsh are more suitable for 
monitoring levels of As and Hg. 



Foe, Cetal 1987 



Tsui,P.T.P.etal 198! 



I- 'J 



■4 



TABLE < - Freshwtltr titsraUire on field and itboralory studies usinq btomoniloring organisms - orgwtics. 



ORGANISn 



FIELD/LAB NUtlBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIGHT PERIOD SOURCE 



Guppies 



W 



&4days 



Anodonta cygnea (mussel) lab 



10-12 cm 



3 seasons 



Glyptolemtipes barbipes 
(chtronocnid larvae) 



lab 



Notropis hudsonius 
(spotlail shiners) 



Held 



Notropis hudsonlifs 
(spotlail shiners) 



Held 



lorish 


similar 


wet wl. 


collected at Detroit P. 


composites 


sizes each 




the same L.St. Clair 




year for 




time of year L.Erte 




same 




each year 




location mid 








30-70 mm. 






10 fish 


similar 


wet wt. 


collected at L.Erie 


compos) Les 


sizes each 




thesante L.St. Clair 




year for 




time of year L.Ontario 




same 




each year 




location mid 








30-70 mm. 







TABLE 1 - Freshwatar iiUralure on field aftd laboratory studies using bionwnitoring organisms - organics. 



DEPUR. COnPONENT 
PERIOD ANALYZED 



CONTAniNANTS 



conncNTS 



REFERENCE 



chlorinated biphenyls; 
hexabromobenzene ; 
octachlorodibaruto- 
p-tJioxin; letra 
decacbloroLerpbeny I ; 
dichlorobipbenyt; 
pentachlorobenzww ; 



lindane, phorats. 

phosphamidon. 

trichlorfofi 



not In live fish but In dead ones; 
other chemicals the same in 
both: fast elimination; tetrs- 
hexa-, octa-and deca- 
chiorobiphenyl showed a gradual 
increase in exposure then a 
gradual decrease; clearance of most 
lipophilic was neg. 1 1/2 > 84 
days. 

shortening of their active periods 
in a few days. 



Bruggeman. W.A. et al 1984 



Salanka. J. el al 1978 



Aroclor 1242 



whole fish 
composites 



total chlordane; 
octachlorostyrene; 
mercury; PCBs 



uptake shows a dose- dependent 
relationship between substrate 
concentration and body burden; 
additional mineral oil - 70-dOX 
reduction inuptake linear - uptake 
Lime/body burden no sign, excretion 
in 1 week.-signincant accumulation 
from substrate feeding alone; no 
equilibriitfnO.Ol -0.1 ppm.; maybe 
in lipid stores for last instar stage. 

young fish of a known age and range 
are good indicators of contaminant 
sources and reflect temporal and 
spatial differences; lipid content 
measured. 



Meier. P.6. et al 1984 



Suns.K.etal 1985 



whole fish PCBs young fish of a known age/ range are Suns, K. et al 1976 

composites organochlorines good indicators of contaminant 

sources and reflect temporal and 

spatial differences; lipid content 

measured. 



TABLE 2 - Fr«shwaler fitarature on flald and laboratory studies using biomonilohng organisms - nnatals. 



ORSANISn 

Pimephsles promelas 


FIELD/LAB NUriBER 

caged in 




rifl)d/)ab 


Salmo salar 


take 30-40/rjig« 


P«rca flaveacena 


fteld. lab 


Esox lucius 


caged in field 3/cage 



(LEN6TH} WEIGHT PERIOD SOURCE 

electroplating 
factory 



t month 



10 days sediments 



3 weeics 



crayfish 



caged in field 320 total 



55 days Wabigoon River 



Salve) inus namaycush 
Catostomus commersoni 
Coregonus clupeaformts 
Pimephales promelas 
Semotllus margarita 
Chrosonws eos 
Orconecles virilis 
Lobelia 
Eriocauion 
Potamogebon 



field 



whole lake 



A months radium dosed 



Esox lucius 



lake 
(transplant) 



2 species of crayfish lab 



various 
si?es and 
sexes. 



Orconecles virilis 



field 



TABIE 2 - Fr»shwtl0r liUratur* on fxld and laboratory sludiae ueing biomonitoring organiemE - matale. 



DEPURATION COTIPONENT CONTAniNANTS COnnENTS 
PERIOD ANALYZED 



whole body cadmium 



muscle and liver mercury 



look lab nsh 8 days to 
reach field levels in 12 
hours 



REFERENCE 

Sulliv»J.F. 1978 

Hasselrol al il 1982 
Seelye eL al 1982 



mercury .selenium Se ability to reduce Hg 
via rood chain 



muscle 



mercury 



whole organism 226 radium 



fed Hg contaminated 
food 

macrophyles reached 
maximum 20 days fell 
to stable 3-4 months, 
crayfish 1 month rose 
to 370 mBQ/g wet wt. 
some fish like 
macrophyles.some no 
relationship to water 
concentration 



Turner .n.A. (?) 



Canada/Ontario 



Hesslein,Ri{. 1984 



mercury 



tl/2 2 years 



Lockhart.Wi.etal 1972 



mercury 



Individual tissue copper, cadmium, 
zinc, lead 



ability to cope with 
inorganic Hg depends 
on species, size, sex. 
external temperature 

can control levels of 
essential metals; others 
found at levels in water 
no significant differences in 
metals concentration between 
sexes; gills highest; Pb lends to 
go to exoskeleton. 



HevUM. etal 1977 



Anderson. R.V. et al 1978 



TABLE 2 - FreshwaUr liLertUre on field and laboratory studies using biomonitorirvg organisms - metals. 



0H6ANISn FIELD/LAB HUHBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEI6HT PERIOD SOURCE 



Orconectes virilis 



tab 



only 

intermoll 
crayfish 
used. 



Elliptio complanata 



field 



7 days. 



Batchawana Ba^ 
&ay orouinte 
St. Lawrence R. 
at haitland. 



Lampsllis ventricosa 
(pocl(eU>ook mussel) 



caged in field 



36 similar 



2, 4, 8. 12 mining 
weeks 



EUiptio complanjLa field 

Fto-garitifcra margarilifera 
Anodonl^ anatina 



Anodonla cygnea 



lab 



<ty wl. 20 weeks. 



Anodonla cyonea 
Anodonl« anatina 
Unio piclorum 



lab 



22 weeks. 



TABLE 2 - Pr«shwat«r literature on field and laboratory studies using biomonitoring organisms - metals. 



DEPURATION COnPONENT CONTAniNANTS 
PERIOD ANALYZED 



connENTS 



REFERENCE 



whole animal, cadmium 
individual tissues 



highest In gitis and muscle; 

body size, sex had no 

efTecL; whole animal concentration 

linear relationship to 

exposure concentration's; increased 

sensitivity with time. 



Hirenda, RJ., 1986 



3 days 



shells, sort 


lead .copper .nickel, 


Zn - soft tissues 


tissues. 


zinc 


Pb - v^le shell 

Cu. Ni equilibrium in tissuea/shell 

Cu, Zn do not reflect 

environment levels; high 

Fe can bind inorganic metal 

forms (Cu. Zn. Pb) so 

unavailable. 


whole soft 


lead .cadmium 


do not feel equilibrium was 


tissues. 




reached, after 12 weeks 
only 1 mussel alive in 
each of 3 stations. 


shells 


cadmium.copper. 


no sex differences in shell 




lead .manganese 


metal uptAe; will stop 



Dermott. RJ1. at al 

(unpublished 

manuscript) 



Czamezki. J.n.. 1987 



Imlay, MJ.. 1982 



growing; Elliptic migrate if 
water > 24 degrees C; 
Cd shell 100 x concentration soft; 
Cu 6 X concentration; Pb 450 x 
concentration; Mn 1 x concentration; 
Cu concentrated in shell 24 x than 
in fish. 



whole animal ani cadmium 
separate organs. 



in gills > lab.sl palps > 
mantle > guts/gonads > 
foot; 5ppb - linear over 
20 wks. 25 (^b - biphasic. 
slow linear for 4 weeks, no 
change 4-6. rapid after, to 
10 weeks; limited value 
as monitor. 



Hemelraad, J., 1986 



whole animal ani cadmium 
separate organs. 



accumulated In wtiole 
animal as well as tissues 
in non-linear way; for 
whole burden 3 species -: 
species differences m 
individual organs, some larger. 



Hemelraad, J.. 1986 



TABLE 2 - Freshwater titerslure on Held and laboratory studies using biomonitoring organisms - metais. 

ORGANISn FIELD/LAB HUflBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEH6TH) WEI6HT PERIOD SOURCE 



Anodonta anstina 



lab 50 animals/ 

40ltank 



7 months 



Corbicuia fluminea 
(Asiatic clam) 



lab (river 

water 

flowthrough) 



A weeks 



Physa Integra (gastropjds) field 

Pseudosuccinea columella 

Helisoma trivolis 

idiopoma malleata 

Campeloma decisium 

(prosobrach) 

Brasenia sp. (macrophytes) 

Utricuiarla sp. 

Calomba sp. 

Myriophyllum ap. 



sediments 



Quadrula quadrula (mussel) field / lab 16/ cage 



45 days copper electro- 
plalinQ. 



Elliptio complanala 



field 



sediments 



Anodonta nutlaliiona Lea lab 



I /tank 



TABLE 2 - FreshwaLer liUnUre on field wxl laboratory sludias using biomonitoring orgmisms - mttais. 



DEPURATION COMPONENT CONTAMINANTS COMMENTS 
PERIOD ANALYZED 



REFERENCE 



Individual tissue di-n bulyttin 

dichlorid« at 15 ppb 
tin not lethal then 
bis (tri-n-butyltin) 
oxide at 5 ppb tin 

copper .zinc 



lead 



highest concentration in kidney; 
different distribution thsn 
Cd: compound Is eliminated 
at a faster rate than 
inorganic Cd. 

Cu steady state NOT in 28 
days; Zn showed relative 
increase; Zn can be regulated; 
Quantitative biomonitoring 
of Zn may be impossible. 

molluscs, macrophytes 
reflated differences in Pb 
levels; aufwuchs did not; 
concentration in snatlr correlated Lo 
dissolved Pb in wal«r rather 
than aufwuchs or plants; C. 
decisum lowest levels 
although it burrows; dietary 
Pb may be important but dissolved 
more significant. 



Holwerda, D.A. et at 1966 



Graney. R.L. Jr.etal 1983 



Newman. M.C. et al 19P2 



none 



copper 



whole body trace metals 



soR tissues 
(individual) 



scandium.chromium, 
manganese, iron, 
zinc.europlum.lead, 
tantalum .mercury 
cobalt 



Cu inversely related to body 
weight (small clams, large 
amounts). 

highest levels in gills, lowest 
in foot; tried to relate body 
levels to sedinrtent fractions, 
related lo fractions of total 
metal load, and competitive 
effect of sediment parts eg. 
amorphous iron 
Qxyhydroxides . 

valance state determined 
distribution: Sc, Cr, Fe, Eu. 
Ta, Hg, higher % In organs 
(digestive) others higher in 
calcareous tissues. 



Foster. RB. et al 1978 



Tessier. A. et si 1984 



Harrison. Fi.alal 1972 



TABLE 2 - Freshwater literature on field and laboratory studies using bionumitoring organisnis - metals. 



OftSANrsn FIELD/LAB NUriBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIGHT PERIOD SOURCE 



6 species of clam 



field 



urban, 
agriculture 



Elliptic complartata field 

Alasmidonta undulata 
Anodonta implicate 



goldmining 



Dreissena polymorpha 
(musse!) 



field caging 



15-20 
fiwn. 



40-60 
days 



tubificids, clams, fish 



field 



sediments 



Corbicula manillensis 
(Asiatic clam) 



Held 



Elliptic complanata 
Andonta grandis 
Lompsilis radiata 



field 



dry weight 



Anodonta anatina (mussel) field 



iiMT^Ure 



dry wt. 



industrial 
rural, STP 
outfall 



TABLE 2 - Freshwater literature on Held and laboratory studies usin^ biomoniloring organisms - metals. 



DEPURATrON COtlPONENT CONTAntNANTS 
PERIOD ANALYZED 



connENTS 



REFERENCE 



shell, soft cwhnium.copper.lead shell Cd < Cu < Zn < Ph; 

tissues. zinc body Cd < Cu < Pb 

reflected concentration's in 
sediments; shell lower; highest 
in gills >viscer8 > muscle > shell; 
Zn plays physiological role. 



Anderson, R.V. 



soft tissues mercury .arsenic 



E. complansta found high levels of Metcalfe, Ji. 

Hg and As; but poor regulator of Ho 

soft tissue concentration's 

increased exponentially with body 

wt. and age increase; high 

correlation. wt7 a^e. 



copper 



uptake in last 3 weeks of 
exposure; low exposure low 
uptake and vice versa. 



del Castelho, P., 
etal 1983 



copper .nlckel.lead 
chromiumjithium, 
cobalt.cadmium 



tubinclds/clams close to 
sediments; worms, clams, 
fish for Cu. Ni. Pb. Cr. Li. 
Co, Cd. Zn highest in clams, 
worms, fish. 



nathls. B.J. 1973 



shells 



lead 



adsorbs to surface of empty 
shells; significant difference in half 
shells; statistically significant 
difference in Pb from shells from 
different areas (pH) 



Clarke. J.H. et al 1976 



son tissues trace metals 



believe trace metal 
enrichment is a 2 step 
mechanism ( 1 ) prior 
preconcentration into particulate 
matter (2) ingestion; recommend 
as I long-term insttu monitor. 



Lord, O.A. el al 1975 



individual 
tissues 



zincnickeUead. 

cadmium.copper, 

mercury 



mantle, kidneys, ctenidia had 
highest levels; metals high - 
correlation between concentration 
/body wt.; positive polyvalent ions 
Zn .Cu*. Hg* concentrated on 
mucous sheets; dry body wl/age 
linear line. 



Manly. R. et a» 1977 



TABLE 2 - Freshwater literature on field and laboratory studies using biomoniloring organisms - metals. 



ORGANISn FIELD/LAB NUflBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEI6HT PERIOD SOURCE 



Anodonta orandis 
LampsiHs rsdiata 
Lasmigona complanata 



fieid/lat 



1 week 



lakeHg 
contaminated 



Physa gyrina (snail) Held 


immaUre 




Macrobrachium rosenbergii lab 


2000 6-9 cm 


50 days contaminated 


(prawns) 




sediments 


CorbiculB fluminea (clams) 


Son. 


48 days 


carp, common sucker. 




monitoring 


channel catfish, RBT, brown 




program 



trout, lalce trout, 
largemouth bass, 
crappie. bluegii>, walleye 



Valvata piscirtalis field/lab 

Lymnaea peregra (snails) 
macrophytes. aofwuchs. 

nsh 



mining 



Mysts ralicta 



field 



sedinnients 



Ephemerella grandis 
(mayfly) 



lab/field 
(liveboxes) 



49 hours polluted stream 
then every 
24 hrs 
taken 



aquatic insects 



lab/field 



TABLE 2 - Freshwater literature on field and laboratory studies using biomoniloring organisms - metals. 



DEPURATION COHPONEIIT COHTAMIMAMTS 
PERIOD ANALYZED 



COntlEHTS 



REFERENCE 



whole body mercury 



rale of uptake wlUi Increasing 
Hg; must be severely polluted 
before uptake: significance 
difference among species; slower 
release after exposure; felt wt. 
loss could increase Hg concentration 



Smilli, A.L.et al 1975 



cadmium 



rapid uptake 



Weir. Cf.elal 1976 



PCBs/nercury,lead. both accumulated PCB's; 

cadmium prawns turned up sediment 

so Hg available: clanr^ no Cd 
some Pb from sediments 



Tatem, H.E.. 1986 



cadmium. lead. 

arsenic.selenium 

mercury 



May, T.W. etat 1981 



24 hours whole ValvaLa lead 

separate organs 
of snail 



eels ate snails, similar to 
snails but lower, shell 
incorporated Pb: fool lost 
slower than dIgesLive; gul 
walls and disgestive gland 
6eem?d to regulate Pb intake. 



Everard. M. et al 1984 



told 



suggest hysis take Pb from Evans, RD. el al 1983 

sediments migrate upward. rele8S3 
it as fecal matter which settles out 
or is eaten by others. 



zins 



field paralled lab. insects 
accumulated heavy metals in 
relationship proportional to 
concenLrala in water 



Nehring. R.6. 



coball.chromium. 
antimony .scandium, 
iron .potass I urn. 
manganese .sodium 



52X of body burden Cr in gut 
conlents; for 5 metals as 
animal larger concentration 
smaller; using regression of metal 
concentration on dry wl. gives > 
correlation than using length. 



Smock. L.A. 1983 



TABLE 2 - Freshwaler liLersUire on field snd laboratory studies using biomonitoring organisms - metals. 

ORGANISM FIELD/LAB NUMBER SIZE WET/DRY EXPOSURE POLLUTION 

(LENGTH) WEI6HT PERtOO SOURCE 



nsh 



field 
enclosures 



Limnodrilus hofTmeisleii lab 
Tubifex lubifex 
chironomids 
amnocoeles (lamprey) 



Scenedesmus obliquus lab 



Hydropsyche sp 
Chironomus 



tab 



achieved 
equilibrium 
3-5 days 
afler tniUal 
exposure. 



Physa integra 
Campeloma decisum 
(gastropods) 



lib 



3.6-8.1 
5-33 mm. 



0.0007- 
0.0070 g. 
0.0046- 
0.27759. 
dry vireighl 



Asellus communis (isopod) Isb 



different pH 
l0V8lS 



I 



TABLE 2 - FreshwaLer lilerature on field and laboraLory studies using biomonltoring organisms - metals. 



DEPURATION COflPONENT CONTAniNANTS 
PERIOD ANALYZED 



connENTS 



REFERENCE 



mercury 



48 hours for 
some, not 
useful for 
tubificids 
(coprophagic) 



gut contents, 
whole animal 



metals 



cadmium 



when sediments absent Hg 
bioaccumulales 8-15 x faster than 
when suspended or on bottom: 
resuspenslon altfs In removal 
of bioavailabie Hg and 2n. 

gut sediment nwtal load a 
high % of total body burden. 



Rudd.V.etal 1983 



rapidly growing young 
cultures accumuialed less 
than older cultures 
approaching stationary growth 
t.iase. 



Chapman. P^. 1985 



Cain, JR.. 1980 



cadmium, nilriletri 
acetic acid (NTA) 
(chelator) 



both free and bound Cd accumulated Dressing S.A., et al 1982 

by Hydrospyche; other work 

- complexation of Cd to other 

organic ligands redi^ed uptake 

by Chironomus; even dead 

organisms accumulate Cd. 



4 weeks 
eliminated 
rapidly first 4 
days, then slow 



laid 



zinc.lead 



P. Integra concentration 
independent of size. C. decisum 
smaller animals had higher Pb; 
no significant change in gravid and 
non-C .decisum after 3-4 weeks In 
clean water; some Pb is 
strongly bound. 

Zn regulated, therefore, not 
different at any pH level; Pb 
accumulationsignificant at pH 5.5 
and 4.5; at 5.5 rate of uptake > 
from sediment than water; Pb 
associated with amorphous iron 
oxides which undergo dissociation 
at lower pH. 



Newman. M.C.etal 1983 



Lewis, T£. and A.W. 
Mcintosh. 1986 



TABLE 2 - Freshwater literature on field and laboratory studies using biomoniloring organisms - metals. 



0R6ANISI1 FIELO/LAB NUMBER SIZE WET/DRY EXPOSURE POLLUTION 

(LENGTH) WEI6HT PERIOD SOURCE 

Daphnia magna lab pH 



ZooplsnkUm lab pH 



Sparannum sp. (bur reed) field metal smelter 

Utricula'-ia vulgaris 

(bladderworO 

MynophylluiT) exaloescens 

(water milfoil) 

Nuphar variegatum 

(water lily) 

Calla palluslris iwater 

drum) 



Sphaerotilus (bacterium) lab/Held treated sewage 

tubificids, plants, eels wool scouring 

and dyeing 



aufwuchs field 3 slides/ 2 months New Jersey 

month/site reservoir 



filamentous algae field soft water 

(artincfal lakes 

st^trales) 



TABLE 2 - FrtshwsUr literature on field and iat>oratx)ry studies using biomonitorinq organisms - metals. 



DEPURATION COTIPOHENT CONTAniHANTS 
PERIOD ANALYZED 



conriENTs 



REFERENCE 



aluminum 



zinc.cadmium 



maximum Al toxicity and Havas, M., 1985 

biosccumulalion phi 6.5 (0.32 mg. 
Al/L); 24 hrs bioconcentration ratio 
10.000 at pH 6.5. 4000 pH 5.0. 
iwg. pH 4,5. 

Zn supmses Cd bioaccumulalion liarshall, J.S. et al 1963 
Zn can reduce population numbers at 
levels below toxicity Tor 
zooplankbn;combined effects of 
Zn and Cd due to Zn. 



leaves, stems, metals 
roots 



surface area lo volume 
relationship was important: fleshy 
heavily rooted plants about 
1/5 metal concentration: 
Hyriophyllum a good indicator 
species.'no correlation of plant metal 
concentration to environment levels; 
2 unrelated conditions affected plant 
metal concentration ( 1 )amount of 
deposition (2) Ca concentration of 1 
^e water can not rely on 
macrophytes to distinguish grades of 
contaminants or where it is le. 
sediments, water, fallout. 



Franzin, W.6. et al. 1980 



metals 



lead .zinc 



lab and field cultures had high 
concentration metals; tubificids, 
plants, eels elevated: tubificids eat 
bacterium; different bacterial strains 
can concentrate metals to levels, 
later In growth cycle. 



Patrick, Fn. et tl 1970 



rust-coloured matrix contained 
nKjre Pb and Zn per unit area 
than microflora: NOT a reliable 
biomonitor. 



Newman. M.Cetal 1983 



copper .nickel .metals 1000- 10.000 fold increase 

in concentration over water; Cu, N. 
clear pattern - reflecb quantitative 
dissolved metals or water pH. not 
so other metals. SHOWS PRCMISE - 
easier lo gel a clear sample of good 
quantity. 



Bailey. R.C. et al 1985 



TABLE 2 - Freshwater iitaralura on field and laboralory studies usii^ bioinonitoring organisms - metals. 

0R6ANISn FIELD/LAB NUMBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEI6HT PERIOD SOURCE 



Anabaena. Antclstrodesmus lab 




braunii, Chlamydomonas 




Fritschiella tuberosa lab/field 


"appropriate 


(filamentous grRsn) caging 


amount of 




algae with 




disUlled 




water" 



dry wl. 



24 hoirs 



Spirogyra 

Zygogonium .liougeoUa 
Microspora (filamentous 
algae] 



Held 



Chloretia pyrenoidosa 



lab 



Lemanea (red alga) 



field 

(transplants 
made in river, 
attached to 
boulders) 



4-5 months mining 
length of 
growing 
year 



Lepomis cyanellus 
(green sunfish) 



lab 



mean 13 mean 36 0,2,4.6 
+/- 2 cm. +/- 13 g. days 



Orconectes virilis 
(crayfish) 



rield 



TABLE 2 ' FreshwaUr iilarature on rieid and (atwratory studies usinq bioinoniloring organisms - malals. 



DEPURATION COTIPONENT CONTAniNANTS COnnENTS 
PERIOD ANALYZED 



REFERENCE 



cadmium .copper Anabaena accumulated Cd 
equilibrium m \2-2A 
hours: not as good with Cu. 

heavy metals grown in lab with Icnown metal 

load: oarticuiate scan accumulate 
in chamber, planktons filtered: IT 
WORKS. 



Laube, V.etal 1979 



Ahlf. W.etal 1981 



metals (leadzinc) 



metal concentration several orders Foster, Pi. 1982 
of magnitude > ambient; Iron levels 
seemed lo plateau when water 
concentration (mg/ml; Zn seems 
to be regulated 



live, dead cells cadmium 



pH dependent but concentration Hart, B.A.etaM977 

proportional to water no accumulation 

in darlc or dead cells: pH 7 

accumulates 2x pH 8; tin and Fe can 

block Cd accumulation (compete 

for transport sites). 



zinc.cadmium.lead 



found only in fast flowing rivers, 
rare in eutrophic waters, 
therefore, restricted use 
although they feel a good tool: 
high Ca, (In - decreased Zn 
uptake; Zn reflected levels in 
native filaments when moved. 



Harding. J.P.C. ct al 1981 



gall bladJer, bih arsenic (as sodium exposed to As 60ppm; gall 



spleen, gill. arsenate) 
ovaries, testes 



Sorenson.EJ1.etal 1979 



bladder, bile higher concentration 
in 6 days 35-78-159 ppm; spleen is 
storage site: decrease in gill 
over 6 days; ovaries, testes 
did not accumulate As, 



trace metals lead, 
copper .manganese, 
cadmium, zinc 



hepatopancreas regulates Zn; Cu 
related to hemocyanin; Cd highest 
in gills Pb also in gills related lo 
adsorption; Pb could be absorbed 
to exoskeleton. 



Anderson. R.V. el al 1978 



TA&LE 2 - Freshwater lilarftture on field and lattoralory studies using biomonitoring organisms - metals. 



ORGANISn FIELD/LAD NUriBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEH6TH) WEIGHT PERIOD SOURCE 



Chlronomus noarlus 



\tb 



Orconectes virilis 
SUzostadion vitreum 
(walleyt) 



Hftld 



65 mm. 



conlAminatad 
pulp &c paper 
chlor allcalai 



crayfish 

pilce (young, adults) 

yellow perch 



fietd/caging 8 fish comp. 
(perch) 
individual 
pilce. crayfish 



55 days contwninatad 
(crayfish) pulp b. paper 
mill sediments 



Perca flavescens 
(yellow perch) 



field 



comp. 8/ 
site 



acid rain 



UloUrix 

Cladophora (submerged) 

Cladophora (fringing) 

6angia 

(all filamentous algae) 



field 



non point 
source 



Anodonta grandis 
Stizostedion vitreum 
vitreum(walleye) 



fieid/caging 20/c8ge 

of 

indigenous 

clams 



2 months gold mining 



TABLE 2 - Freshwater literature on field and laboratory studies using biocnonitoring organisms - metals. 



DEPURATION COTIPONENT CONTAMINANTS 
PERIOD ANALYZED 



COMHENTS 



REFERENCE 



larvae, pupal mercury 
exuviae, adults 



larvae BCF 12,600 exuviae 
12.470 with respect to water 
adults only 29% of larvae (they 
can eliminate It) 



Rossaro, B., et al 1986 



mercury 



levels indicates time lag as Hg 
decreased so did fish levels; 
walleye show an exponential 
decline. 



Parks. J.W. et al 1980 



whole animals mercury 
(perch.crayfish) 
rish fillets 



wholt animal ntercury 



young pike seemed least suitable. Parks, J.W. et al 1980 

perch, crayfish good indicators 

easier to catch, statistically 

significant relationship between Hg 

concentration and animals despite 

feeding, hsbitat,nr»tabolism. 

accumulation pathways. 

significant correlation between Hg Suns. K, et al 1980 

In fish. pH aluminum, no correlation. 

Hg/wts. Hg/lengths, Hg/lipids; 

drainage area/lake volume ratio 

and Hg concentration in fish - strong 

correlation. 



whole plant 
mask 



fish muscle 
whole clam 
tissue 



heavy metals relative concentrations in both 

Ulothrix & Ctadophora is similar 
N. Ca ) AI.Fe, ng. P> fin > 2n > Pb. 
Cu >As. Cr, Ni > Co > Cd, Se > Sb > 
Hg; take up elements in prop, to 
levels in the water; LOI flags 
samples with high inorganic 
content and, therefore.less 
bioavailability, filaments may be 
coated with suspended sediments , 
metals are higher in soft water. 

most clams died over the study 
period. 



Jacksn. M.B.. 1985 



Parks, J.W, et al 1982 



TABLE 2 - FrashwcUr liUraUr« on fitid and laboratory studias using biomonitoring organisms - matals. 



ORGANISn FIELD/LAB NUTIBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIGHT PERIOD SOURCE 



Najas Quadatupensis 

ImBcrophyles) 

crayfish 



(crayfish) 



Dnmella 

D. grandls (mayflies) 



Held caging 



24, 48, 72 
hours 



Lepomis macrochtrus 
(bluegill) 

MicropLerus salmoides 
(largemouth ba»} 



lab 



Amblema perplicata 
(three-ridge clam) 



field (caging) 6/cage 



wel and dry 1 week 
weights 



industrial 

sources, 

electro-plating 



Ptmephales promelas 
(fathead minnows) 



lab 



coalbuming 
electric power 
generating 
plants. 



TABLE 2 - Freshwttar literature on field and laboratory studies using bionwnitoring organisms - metals. 



DEPURATION COMPONENT CONTAniNANTS 
PERIOD ANALYZED 



connENTs 



REFERENCE 



lead roots took Pb from sedinrwnts but Knowlton, Mf. et aM983 

no translocation; 4 x > Pb in 
those exposed to sediments: smaller 
had more concentration: concentrated 
in exoskdlaton.-senescent microphytes 
have higher Pb (adsorbed). 

cadmium .moiybdenun concentration Mo, Cd even when Colbom, T. 1982 
water level low: maynies more tlian 
caddisDies: dead and alive 
similar, therefore not 
physiological: dynamics 
of the 2 are different. 



cadmium 



Cearley, Jf . eta! 



none 



zinc.cadmiiffn 



wt. gains; accumulation >/- water 
concentr8tion;increase witii time; 
eQullibrlum after 2 months; bass 
internal tissues highest then gills - 
rest; bass more sensitive: site of 
damage nervous system. 



highest mean concentration Zi gills Adams. T.6. el al 1 98 1 
of clams; highest mean concentration 
Cd digestive glBnd:giils act as 
filtering machanism for food, 
particulate matter respiration; 
digestive gland also an adsort/ 
absorb process; small particles 
are taken into gland by 
phagocytosis or pinocytosis -Cd 
mediated by a carrier system bound 
to Ca or Mg granules -storage 
in digestive gland. 



selenium 



health okay, gained wt.: ait fish 
In 8 group gained the same rate 
per unit fish wt.; heaviw fish had 
more Se; difference in uptake 



TABLE 2 - Fr«shwiUr lii«rslur« on field and liborttory studies using biomoniloring organisms - metals. 



ORGANISn FIELD/LAB NUflBER SIZE WET/DRY EXPOSURE P0LLU1I0N 

(LEN6TH) WEI6PT PERIOD SOURCE 



Pimephales prome?as 
(fathead minnows) 



1at> 



coalburning 
electric power 
generating 
plants. 



Fish (freshwate") 



lab 



2 days. bacteria 
A days containing 

heavy metals 



1 



TABLE 2 - Frestiwaler liUralure on Hetd and laboratory studies using biomonitorinQ organisms - metals. 



DEPURATION COTIPONENT CONTAniNANTS 
PERIOD ANALYZED 



COtinENTS 



REFERENCE 



selenium 



klnettcs between Se in food and 
water - 2 functional compartments; 
inorganic unbound Se (depuration 
rate rapid) organic bowtd (rate or 
loss dependent on cellular 
metabolism) selenlte wkJ seienate 
bio concentration from water 
2- 30 x; ability to accumulate 
Se rrom food related to concentrate 
in diet; do not bioconcentration 
levels higher than in food. 



heavy metals bacteria containing heavy 

metals were fed to tubificids 
then those fed to Ttsh; after 2 
days a significant increase in fish. 



Patricia FJI.etal 1978 



I 



TABLE 3 - Specific conlaminants - biomonitoring organism, exposure, accumulaLion. and time to equitibration 



Freshwater Ortanisms 
CONTAniNANT 



cadmium 



GROUP OF EXPOSURE/ EOUILIBRIUn 

0R6ANISnS ACCUMULATION 

phyloplankton 72 hours/72 hours 12-24 hours 

«QuaUc insects 72 hours 72 hours 

(mayflies) 
3-5 days 
(caddisHies) 



COMMENTS 



mayflies are preferred 



copper 



crustAceans 
(crayfish) 

molluscs 
(bivalves) 
AsiaUr. clam 



^ weeks 



pocketbook clam 40-60 days/ 
12 weeks 



fish 

(fathead 

minnows) 



fish 

(yellow perch) 



rish 

(spolloil 

shiner) 

molluscs 
(bivalves) 
Gtuadrula 
quadrula 



1 1 days 



none 



12 hours (field) 
6 days (lab) 



birth to 
capture 

(IS (IKMltlls) 

btrUi to 
capture 
(5 months) 

45 days/ 14 days none 



study exposure periods are 
influenced by molting periods 



hitjh bioconcentraUon factor 
make it a useful organism 

did not reach equilibrium; 
species differences in cadmium 
uptake is biphasic: whole body 
Icvtili; iitti !;imilar, individual 
orgatrj arc species specific 

stress in the field due to higher 
temperatures and turbidity 
iiKTuaved iitvLalwli^in <ind 
uptake 

ycittVtiw^ fish 



young of the year Osh 



TABLE 3 - Specinc conlamiMoU - biomonitoring organism, exposure, accunwlaUon. and bme U> equiUbration 



Freshwiter Organisms 
COMTAHINANT 



lead 



zinc 



GROUP OF EX;>OSURE/ EQUILIBRIUM 

0R6ANiS11S ACCUnULATION 

macrophyles 

r.rufitjiceans 
(isopod) 
Asallus 
comtnunis 



crustaceans 
(crayfish) 



molluscs 
(gastropods) 



(bivalves) 



1 2 week5/2 weeks none reached 



fish 

(spottail 

shiners) 



aQuaUc insects 
(mayflies) 49 hours 



conriENTs 



accunHilaled in roots 



accumulation is pK dependant: 
depending on pH uptake can be 
from sediment or water 



lead concentrated In exoskeleton 
lost at molt, accumulation 
greater by small crayfish and 
those on contaminated sediments 



levels correlated Lo dissolved 
lead in water rather than 
sediments; also related to levels 
in macrophyte which they feed 
on; species differences on 
accumulation rate, concentration 
and depuration 

depuration 3 day^; ohowed 
temporal and spatial trends: 
concentration factor 175 over 
background 



changes in organic lead levels 
in water are reflected rapidly 
in the fish 



conrenlratsd in relative 
proportion Lo water 
concenU'stion 



I AbLL 3 - liiX'ciCk cuiiUtiiiirwoL - broiiKMiJLur iruj uryiUiiMn. ux(h>wku, •tccui(iul^U<M), iiiKJ liittc lo (Xf^iliU'jilion 



Freshwater Organisms 



CONTAMINANT 



GROUP OT EXPOSURE/ EQUILIBRtUn 

OReANISnS ACCUnULATION 



COraiENTS 



mercury 



aquatic insects 

(Chlronomus 

ripwius) 



blor.ortcentraUwi factor from 
water 12^00, amivia 12.470; 
Bdult onty 29X of Istvm 
indicates loss of mercury 
through moltimj of exoskelelon 



crustaceans 
tcravflsh) 



crayfish size; orgaitic content of 
sedlnwnts; mercury species; 
moll stage; dslermine mercury 
concentration 



moHuscs 
(bivalves) 



6 weeks/no 
accumulation 



in a contaminated system no 
mercury found in clams but in 
another contaminated system 
Indigenous clams had high levels 



fish 
(pike) 



3 weeks 



selenium reduced mercury 
uptake 



PCBs 



phylcplankton 24 hours 



dead and living cells had similar 
concentrations 



zooplanklon 
(D. magna) 



accumulated PCBs f-om 
sediments 



molluscs 
(bivalves) 



29 days/S days 



reflectftd water and fish levels 



chlorophenols leeches 



24 hours 



no release after one week; 
species differences in 
accumulation 



TABLE 3 - Specific conlttninants - biomonitoring orgmism. exposure, accuntulation, and lime to equilibration 



Freshwater Orgmtsois 



CONTAniNANT GROUP OF EXPOSURE/ EQUILIBRIUH 

0R6ANISnS ACCUrtULATION 



conriENTS 



miscellaneous 


phyloplanklon. 


32 days 


organic 
r.onijimmanLs 


zoopiankton, 

snails. 

fish 

fish 

(spollail 

shiners) 


■ 



7 - 1 5 days accumul aled to di f f erent levels 

(2.3.7.8-TCOD) 



accumulate 2.3.7.6-TCDD, 
polychlorjnated dibefizofurans. 
Irichtorotoluene. chlorobenzene, 
HCB. oclachlorostyrene 



TABLE A - Sumnury of organisins ind problsms issoctiltd with us* as biomonHors. 



0R6ANrsn 



phytoplanklon 



CONTAniNAHT 
RE6ULATID 



CONTAniNANT LOSS INTIRFERENCES 



pH affects growth rale 
and uplake;Mn^eiDTA 
block Cd uptake 



rilamentous zinc, iron, 

algae manganese 



zooplanklon zinc 



decomposition of plant 



macrophytes 



(tefecation 



lead released afler plant 

die-off 



Zn suppresses Cd 
accumulation 



aquatic insects 



exoskeleton-mercury 



crayfisti 



copper, zinc 



exoskeleton -cadmium, 
nickel, mercury 



lead associated with 
amorphous iron oxides. 
pH afTects contaminant 
uptake 



worms 



leeches 



molluscs 
(gastropods) 



conriENTS 



small fil7e Increases need 
for large quantities for 
adequale analytical samples: 
\Mnq and dead eel' 
accumulation. 

restricted to spednc areas 
of growth eg.Cladophora. 
wave, wind action, and rock 
shoreline . 

sensitive to metals. 



accurmjlale in rools;5urface 
area/volume relationship 
with uptake;not found in 
many areas to be assessed 
by environmental programs. 

accumulation by dead and 
living orgsiisms;life stage 
changes affect use » 
biomonitors. 

the presence and organic 
content of sediments affect 
contaminait uptake; 
sensitive to contaminants 
during molt;cannibaHstic. 

sediment organic content 
can affect availai)il>'.y and 
uptake of contaminants. 

do not appear to accumulate 
organochlorines . 

lead associated with 
sediments or plants not 
water ;:;>hell incorporates 
lead;i)Uiiie bpecieb bize 
determines accumulation: 
sensitive to cadmium. 



I 



TABLE A - SwmiMry of organisms «nd problems assoctsled with us* as ttiomonilors. 



ORGANISn CONTAniNANT CONTAniNANT LOSS INTERFERENCES 
REGULATED 



connEMTS 



(bivalves) 



zinc, copper 



high iron levels in water 
can bind inorganic metal 
forms onto hydrous iron 
oxides making them 
biologically tmavaitable; 
Cd with EDTA. NTA. 
humic acid decrease 
accumulation 



Zn. Cu, Hg ions concentrate 
on nrujcous sheets and are 
therefore not assimilated 
within lissues.-some nwtals 
equJiibriim not reached 
even after 3 months.'Cd 
has a t>iphasic accumulation 
Bboce a certain level ;Hq 
accumulated in highly 
contaminated system over 
a long perlod.-Cu Inversely 
related to body weight. 



fish 



zinc, copper 



excrsUon 



selenium in water 
reduces mercury 
accumulation 



excrete chtoruplttKiols 
rapidlyxeact to changes 
in organic lead quiddy; 
fish movement difficult to 
pinpoint sources unless 
flah are caged3easonal 
variation in weights.lipids. 
contaminantsJ'AHs excretec 
rapidly. 



TABLE 5 - Eximpiss of freshwater bionionitoring^xposur«s/KCun>uiatiofis with time-nwLals and organics 



CONTAMINANT 0R6ANISn NAflE SIZE % FAT 



WEI6HT 



Aroclor 1242 



6. barbipes 



wctwt. 



1.2-DC8 

( I .l'-tJidilor-obc;i»<:cnc) 



Salmo gairdneri 



1.3 -DCB 

( 1 .3-dichtoroben2ene) 



Salmo gainjneri 



1.4 -DCB 

( 1 ,4-dici'tlorobenzene) 



Salmo gairdneri 



\.6.b - ICB 

( 1 ,3,5-trichlorobGnzene) 



'v>.-iliiio yiiirdneri 



7.1 +/-0.7 


255+/- 184 g 


U.b+/- i.b 


283+/- 76 g 


10.5+/- 1.5 


419+/- lOlg 


6.1 ♦/-1.7 


242 +/- 27 


8.7 *f- 2,5 


285 +/- 62 


6^+/- 1.9 


349 +/- 67 


7.2+/- 1.5 


279 +/- 31 


9.4 ♦/- 2.9 


277 +/- 58 


8.7+/- \2 


400 +/- 130 


7.1 ♦/-0.7 


255 +/- 184 


9.5*/- 1.5 


283 +/- 76 


10.5*/- 1.5 


419+/- 101 


8.1+/- 1.7 


242 +/- 27 


8.7 +/- 2.5 


285 +/- 62 


8.2+/- 1.9 


349 +/- 67 


7.2 +/- 1 .5 


279+/- 31 


9.4 +/- 2.9 


277 +/- 58 


8.7+/- 12 


400 +/- 130 


7.1 +/- 0.7 


255 +/- 184 


9.5+/- 1.5 


283 +/- 76 


10.5+/- 1.5 


419+/- 101 


8.1 +/- 1.7 


242 +/- 27 


8.7 +/- 2.5 


285 +/- 62 


fc;.2+/- 1.U 


M9 +/- 67 


/.I ♦/-o./ 


2bb +/- 184 


9.5+/- 1.5 


283 +/- 76 


10.5+/- 1.5 


419+/- 101 



TABLE 5 - Examples of freshwater biomonitjoring-exposures/accumutations with time-metals and organics 



WATER/SUBSTRAfE 


TIME 


CONCENTRATION 


Substrate 0.01 ppm 

0.1 ppm 
I.O ppm 


30 days 
0% oil 0,75 ug/g 

15.2 ug/g 
19.5 ug/g 


0.25K oil 0.15 mg/g 

\.0r, oil 0,10 mg/g 
3.5S oil 2.0 mg/g 
5.4S oil 2.9 mg/g 


Water 9 +/- 6 ng/L 


Oday 

34 days 

119 days 


Fish ND 
(control) 3.2+/- 0.5 
2.9+/-1.E 


47 4/- : 7 ng/L 


8 days 

69 days 

1 19 days 


14 +/- 2,3 
12 +/- 3.8 
14+/- 1.8 


940 ■»■/- 160 ng./L 


7 days 

43 days 

105 days 


390 +/- 66 
530 +/- 190 
670 +/- 190 


4 +/- 2 ng/L 


Oday 

34 days 

119 days 


NO 

6.7 +/- 0.7 
NO 


28 +/- 5 ng/L 


8 days 

69 days 

119 days 


14+/- 2.3 
12+/- 4.2 
13+/- 22 


690 +/- 150 ng/l 


7 days 

43 days 

105 days 


360 +/- 57 
600 +/- 190 
640 +/- 100 


Water 4 +/- 3 ng/L 


Odays 

34 days 

119 days 


Fish ND 
2.8 +/- 1 .0 
NO 


28 +/- 5 ng/L 


8 days 

69 days 

1 19 days 


12+/- 2.0 
1 1 +/- -^.8 
9.9 +/- 3.0 


0.3+/- 0.1 


Oday 

34 days 

1 1 9 oays 


NO 
1.1 +/-0.3 
0.2+/- 0.1 



COnriENTS REFERENCE 

Meier. P.6. el 
al. 1984 



2 fish per 

exposure 

period. 



Oliver B,6. et 
al, 1983 



TABLE 5 - Exan^les of frashwsUr biomonilortng-«xposuras/sccumulclions with tim«-fn«Uls ami orgmics 



CONTAniNANT 



1 ,3,5 - TCB 



0R6AlilSn NAriE SIZE X FAT 



Satmo gairdneri 



8.1 4/. 

fci./4A 

8.2 */ 



1.7 
1.9 



WEI6HT 

242 +/- 27 
2eb +/- 62 
349 +/- 67 



1.2.4 -TCB 

( 1 .2,4-lrichlorob«n2ene) 



Salmo gatrdneri 



7.1*/- 07 255+/- 184 

9.5+/- 1.5 283+/- 76 

10.5+/-t.5 419+/- 101 







8.1 +/- 1.7 


242 +/- 27 






6.7 +/- 2.5 


285 +/- 62 






8.2+/- 1.9 


349 +/- 67 


1.2.3 -TCB 


Salmo gairdneri 


7.1 +/-0.7 


255 ♦/- 184 


( 1 .2,3-lrichloroben2ene) 




95 +/- 1 .5 


283 +/- 62 






10.5+/- 1.5 


349 +/- 67 






8.1 ♦/- 1.7 


242 +/- 27 






8.7 ♦/- 2.5 


285 +/- 62 






82+/- 1.9 


349 ♦/- 67 


1.2.4.5 - TeC8 


Salmo gairdneri 


7.1 +/-0.7 


255 +/- 184 


(1.2.4.S-tetrach!oro- 




9.5+/- 1.5 


283 +/- 62 


benzene) 




10.5+/- 1.5 


349 +/- 67 






8.1 +/- 1.7 


242 +/- 27 






8.7 +/- 25 


28b +/- 62 






8.2+/- 1.9 


349 +/- 67 


1.2.3,4 -TeCB 


Salmo gairdneri 


7.1 +/-0.7 


255 +/- 184 


(1.2.3.4 Utrachloro- 




9.5+/- 1.5 


283 +/- 62 


benzene) 




10.5+/- 1.5 


349 +/- 67 






6.1 +/- 1.7 


242 +/- 27 






8.7 +/- 2.5 


285 +/- 62 






8.2+/- 1.9 


349 +/- 67 


QC6 


Salmo gairdneri 


7.1 ♦/- 0.7 


255 +/- 184 


(pentadilorobenzene) 




9.5+/- 1.5 


283 +/- 62 






10.5+/- 1.5 


349 +/- 69 






8.1 +/- 1.7 


242 +/- 27 






8.7 +/- 2.5 


285 +/- 62 






0.2+/- 1.9 


349 +/- 67 



7.1+/- 0.7 255+/- 194 
95+/- 1.5 283+/- 62 
105 ♦/- 15 349 +/-69 



TABLE 5 - Examples of fr«shwal«r biomoftitonrK)-exposures/accumul«lions with time-fiwUls and organics 

COnnENTS REFERENCE 

Oliver B.G. el 
al. 1983 



iR/SUBSTRATE 


TiriE 


CONCENTRATION 


23+/- 0.4 


8 days 


3.7 +/- 0.7 




69 days 


4.4 +/- 1 .3 




119 days 


4.5 ♦/- 0.7 


0.5 +/- 0.2 


Odays 


0.22 +/- 0.06 




34 days 


4.7+/- 0.7 




1 19 days 


0.3+/- 0.1 


3.2+/- 2 


Sdays 


4.0 +/- 05 




69 days 


4.6 +/- 1 .5 




119 days 


4.4 +/- 0.6 


0.7 +/-0.3 


Oday 


NO 




34 days 


2.2 +/- 0.4 




119 days 


0.1 +/-0.04 


4.3 +/- 2 


8 days 


4.8+/- 0.8 




69 days 


5.3+/- 1.6 




119 days 


5.3 +/- 0.8 


0.2+/- 0.2 


Oday 


0.7+/- 0.7 




34 days 


1^+/-0.4 




1 19 days 


0.6+/- 0.3 


1.0+/- 0.5 


6 days 


2.6 +/- 0.5 




69 days 


5.7+/- 1.5 




119 days 


6.9+/- 1.0 


0.3+/- 0.2 


Oday 


0.23 +/- 0.7 




34 days 


1.8+/- 0.4 




1 19 days 


1.0+/- 0.4 


1 .4 +/- 0.3 


Sdays 


2.8 +/- 0.6 




69 days 


7.7 +/- 2.0 




1 19 days 


7.6+/- 1.0 


0.1 +/-0.1 


Oday 


0.46+/- 0.16 




34 days 


1.5+/- 0.2 




119 days 


0.9+/- 0.4 


0.34+/- 0.1 


Sdays 


1 .2 +/- 0.2 




69 days 


4.1 +/-0.7 




119 days 


5.2 +/- 0.5 


0.1 +/-0.1 


Oday 


2.3 +/- 0.2 




34 days 


3,4+/- 0.2 




119 days 


2.7 +/- 0.9 



TABLt 5 - LAiuii^tlct; uf (nyJ>witUM biMiMiiilur hm^ uxi>ui;ur o:>/accumul«Uons with tirrw-nwLals and organics 



CONIAniNANT 



ORGANISn NAtlE SIZE X FAT 



WEIGHT 



net 



Salinu (fairdiitTi 



y.i +/- 1./ 
t}./ ♦/- 2.i> 
ti2-t/- 1.9 



242 +/- 27 
2bb +/- 52 
i49 +/- 67 



HCbD 

( 1 , 1 ,2,3.4.4-hexachloro- 

1 .2 -butadiene) 



balmo gairdncri 



/.I ♦/-O./ 

9.5+/-15 

10.5+/- 1.5 

8.1 ♦/- 1.7 
b./ +/- 25 
8.2*/- 1.9 



2tib +/- 184 
283 ♦/- 62 
349*/- 69 

242 */- 27 
28i> +/- 62 
349 +/- 67 



HCE 
(hexachloro«thane) 



Satmo gairdneri 



7.1 W-O./ 

9.5+/- 1.5 

10.5+/- 1.5 



2Sb +/- 184 
283 +/- 62 
349+/- 69 



Mercury 



Chlronomus ripartus 



2,3,4-trichlorophenoI 

2,4,5-lrichlorophenol 

2.4,6-trichlorophenol 

2.3,4.5-trichlorophenQl 

2,3 .5 ,6-trich1orophenol 

pentachlorophenol 



Saimo grirdneri 
(rainbow trout) 



3-trinuromethyl 

4-nitroptwnol 

(TFM) 



Anodonta (^.) 



6.1 +/- 1.7 
8.7 +/- 2.5 
8.2+/- 1.9 



242 +/- 164 
285 +/- 62 
349 +/- 67 



TABLE 5 - Examples of freshwater biomonitorirK(-exposures/accumulaLioi« with lime-tMlals and organics 



WATER/SUBSTRATI 


TIME 


COMCEMTRATION 


COfiriEMTS 


REFERENCE 


0.32+/- 03 


8 days 

69 days 

11 9 days 


2,9 +/- 0.4 
4.5 +/- 0.8 
6.0 +/- 0.5 






0.03+/- 0.01 


Oday 

34 days 

119 days 


0.09 +/- 0.05 
0.2 +/- 0.05 
0.08 +/- 0.02 






0.10+/- 0.02 


6 days 

69 days 

1 19 days 


037 +/- 0.09 
0.59+/- 0,19 
0.76+/- 0,14 






0.03+/- 0.01 


Oday 

34 days 

119 days 


0,06 +/- 0.04 
0.06+/- CO 1 
0.06 +/- 0.04 






0.32+/- 0.08 


8 days 

69 days 

119 days 


026 +/- 0.06 
020+/- 0.06 
0,28 +/- 0.07 






mean contro; 0.23 ppb 
mean treated 5.50 ppb 


29 days 


4.20 Larvae (ppm) 
69.35 LarvM 
19,54 Pupal exuviae 
57.61 ppm/fresh wt. 

7.76 Adults 
19.93 Adults 




RossaroB.c 
al. 1986 


Effluent ng/L 
(5 days noean) 

1 1650 +/- 3472 




nsh 

3 composites samples 
118.176 ng/g ,ND 


cage location 
not directly 
at effluent 
outfall. 


Flood. K, et 
al. 1986 



1260+/- 671 

8.68 mg/1 
solution 



1 hour 
2,5 hours 

10 hours 

14 hours 



Fool -(D)" 


18,1 


(W)- 


3.2 




79.3 




11,8 




66.4 




12.4 




209.2 




36.6 



naki. A,W. el 
al. 19 



TABLE 5 - Examples of freshwater biocnonitxrirtg-exposures/iccumutiUons with Ume-nwlals end orgenics 



CONTAniNANT 0R6ANISn NAHE SIZE X FAT WEI6HT 

3-lnnuromethyl - Anodonta (sp.) 

4-niLrophenol 

(TFM) 



2.3,7.8-Utra 

chlorodlbenzo-para- 

dtoxin 



TABLE 5 - Examples of freshwater btomontloring-txposurcs/accumulaUons with Ume-metals and orqanlcs 



WATER/SUBSTRAH 



Water ppl 
3.44 ppt 
2.93 ppt 

2.42 ppl 
2.58 ppl 

4.15 ppt 



TIME 


CONCENTRATION 


COnriENTS REFERENCE 




Gill- 


34.9 


Maki, AW. el 






6.4 


at. 19_. 






93.9 








9.3 








982 








13 








108.9 








32.5 






Viscera - 


18.4 
1.9 
96.6 
15.8 
76.1 
11.2 
185,4 
26.7 






Algae: 




standard error Iscnsee, A.R. et 


Iday 


1 .30 +/- 0.70 ppb 




of means for al, 1978 


3 days 


2.95+/- 0.84 ppb 




L replicates 


7 days 


5.02 ♦/- 0.47 ppb 






15 days 


1.71 ♦/- 0.93 ppb 




Algae 


32 days 


4.25*/- 1.16 pbb 




(Oedogonium 




Sn^.ils: 




cardiacum) 




2.48 +/- 0.41 




Snails 




3.62+/- 0.21 




(Riysa sp.) 




5.07 +/- 0.58 




Daphnids 




9.74 +/- 1 .07 




(Daptmia magna/ 




5.75*/- 0.94 




llosquito fish 




Daphnids: 




(Gambusia afTtnis) 




6.61 +/-0.48 




Channel Cctfish 




12.16+/- 0.78 




(Ictalirus 




17.11 +/-5.77 




punctatus) 




8.56+/- 1.18 








7.43+/- 1.34 








nosquilo fi^: 








2.30+/- 1.29 








4.85+/- 1.27 








1 1 .74 +/- 2.40 








6.72 ♦/- 0.65 








ND 







TABLE 5 - Ex*mpi«s of freshwiler biomoniloring-exposures/accumulations with time-meUls and organics 



CONTAniNANT ORGAMISfl NAME SIZE X FAT WEIGHT 

lead flysis raiicLa 7.7 mg dry wl. 

9.0 mg 

5.2 mg 
5.7 mq 

10.8 mg 

8.3 mg 
2.0 mg 

13.3 mg 

2,6 - DCP leeches (cot.iblned) 2.40 g wet 

rock bass 25.66 g 

crayfish 19.58 g 
bullfrog tadpole 3.80 g 



2.4 - DCP leedws (combtned) 2.40 g '.vel 

rock bass 25.66 g 

crayHsh 19.58 g 

bullfrog tadpole 3.00 g 

3.4 - DCP leeches (combined) 2.40 g wet 

rock bass 25.66 g 

crayfish 19.58 g 

bullfrog tadpole 3.80 g 

2.4.6 - TCP leeches (combined) 2.40 g wet 

rock bass 25.66 g 

craynsh 19.58 g 

bullfrog tadpole 3.80 g 

2.4.5 -TCr leeches (combined) 2.40 g wet 

rock bass 25.66 g 

crayfish 19.58 g 

bullfrog tadpole 3.80 g 

2.3.4,6-TTCP leeches (combined) 2.40 g wet 

rock bass 25.66 o 

crayfish 19.58 g 

bullfrog tadpole 3.80 g 

2.3.4.6 - TTCP leeches (con*»ined) 2.40 g wet 

rock bass 25.66 g 

crayfish 19.58 g 

bullfrog tadpole 3.80 g 



TABLE 5 ~ ExKTiples of TreshwaUr biomontloring-exposurss/accumuiations with timcfiMtals and orgontcs 



WATER/SUBSTRATE 



Tint 



CONCENTRATION 



COnitENTS REFERENCE 



2.9mg/g dry wl. 

6.2 mg/g 
1 1 .9 mg/g 
1 3 .7 mg/g 

1 .5 mg/g 

8.5 mg/g 
13.5 mg/g 

3.1 mg/g 



sediments 35 mg/g dry 
350 mg/g 
750 mg/g 
750 mg/g 

20 mg/g 
160 mg/g 
750 mg/g 

75 mg/g 



Evans, R.D. el 
al. 1963 



water 0.082 



5350 ng/g 

2S8 ng/g 

292 ng/g 

04 ng/g 



ng/g wel wt/ 
ug/L water 
water - result 
of 4 samples 
collected May. 
July. September, 
November . 



nelcalfe. J.L 
etal. 1964 



water 0.306 



12267 ng/g 
1 16 ng/g 
5 ng/g 
nondelectatile 



water 0.133 



6064 ng/g 
nondetectable 

1 ng/g 
nondetectable 



water 0.194 



13588 ng/g 

? ng/g 

10 ng/g 

10 ng/g 



water 0.087 



11883 ng/g 

48 ng/g 

3 ng/g 

31 ng/g 



water 0.C20 



1380 ng/g 
9 ng/g 
5 ng/g 
nondetect^le 



water 0.036 



2671 ng/g 

10 ng/g 

1 ng/g 

19 ng/g 



TABLE 5 - Examples of freshwater biomoniloriog-exposures/accumoleUoos with Ume-fmlals and organics 



CONTAniNANT 0R6ANISn NAHE SIZE X FAT WEI6HT 

1 ,2 - DCB Heiobttetls slagrwlis 0. 1 47 g wel 

6losstpt\oniB cofnplanata I.M7 g 

1 .2.3 - TCB HetoMella sUgnaiis 0. H7 g wet 

Glossiphonia complansla I . M7 g 

1.2.3.4 -TTCB Helobdella stagnalis 0.147 g wel 

Gloasiphonia complanata 1 . H7 g 

HCB HeloiKlella stagnalis 0.147 g wet 

Glossiphonia complanata 1 . 147 g 

pp DDT Helotxtella slagnalts . 1 47 g wel 

Glossiphonia complanaUi 1 . 1 47 g 

As Oligochaela 

Chaoborus 
OiironofTHJS 
Helisoma sp. 
Hydropsychidae 
A. calaracta (small) 
A. calaracta (med.) 
A. calaracta (very Irg.) 

Hg Oligochsdla 

Chaobonis sp. 
Chironomus sp. 
Helisoma sp. 
Hydropsychidae 
A. calaracta (small) 
A. calaracta (mcd.) 
A. calaracta (very Irg.) 

EHDPP Duckweed 



TABLE 5 - Examples of freshwater bJomomtoritvg-exposures/accumulations with time-metals and organics 



I 
I 



WATER/SUBSTRATE 

water 0.070 ug/l 

water 0.005 ug/l 
water 0.003 ug/I 
water 0.001 ug/l 
water Nd 



water 0.0014 mg/g 
0.0023 mg/g 
0.0040 ing/g 
0.0034 mg/g 



TIOE 



water Nd 

Nd 

Nd 

Nd 

Nd 



Water ug/L 

58.5+/-26.9 

37.1+/-21.1 

17.6+/-3.8 

9.6+/-2.9 

13.7+/-0.5 

5. 6+/- 1.7 

S.0+/-1.6 



Hours 





CONCENTRATION 


conriENTs 


REFERENCE 




nondetectable 


one site only 


Metcaire, J.L 




nondetectable 




et ai. 1965 




nondetectable 








nondetectable 








nondetectable 








nondetectable 








nondetectable 








nondetectable 








nondetectable 








20 ng/g 








218 +/- mg/g 


example lake 


Metcalfe. Ji 




8.4+/- 0.5 mg/g 


levels, study 


etal. 1983 




154 +/- 6.0 mg/g 


based on 5 lakes. 






16.1 +/- 0.8 mg/g 








13.2+/- 0.7 mg/g 








12.1 +/- 0.6 mg/g 








13.6 +/- 0.7 mg/g 








13.5 +/- 0.7 mg/g 








1.7+/- 0.2 








<0.7 








6.4+/- 0.7 








.15+/- 0.03 








0.5 +/-0.2 








<0.3 








0.5+/- 0.2 








0.5+/- 0.3 








Duckweed ugAg 


water-4 


Muir,D.C.G.. 


1.4 


ns 


replicates 


et al.19S2 


10 


2980+/-245 


sedimenl-2 




24 


2582+/-240 


replicates 




48 


1245+/- 125 


duckweed-3 




72 


967+/-200 


replicates 




120 


541+/-83 


cattails-3 




240 


286+/-49 


replicates 
nsti-2 replicates 





TABLE 5 - EKwnples of frtshwaUr biofnoniU>ring-exposures/«ccumulaUons with Urt»-m«Uls and organics 

CONTAniHAMT 0R6ANISM NAME SIZE X FAT WEIGHT 

EHDPP Cattails 



Fish 



IPP Dutiweed 



CattJils 



Fl^ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TABLE 5 - ExampUs of freshwater biomoniloring-exposurss/KCunHjiations with tifne-nwtals and organics 



WATER/SUBSTRAH 

Water ug/L Hours 

58.5+/-28.9 

37.H/-21 ) 

17.6>/-3.8 

9.6+/-2.9 

13.7+/-0.5 

5.6+/- 1.7 

5.0+/- 1.6 

Water ug/L Hours 

58.5*/-28.9 

37 1V-21.1 

17.6+/-3.8 

5.6-^/-2.9 

13.7+/-0,5 

5. 6+/- '1.7 

5.0+/- 1.6 

Water ug/L Hours 

63.5+/-6.3 

35.B+/-2.8 

26.0+/- 15. 3 

16.8+/-0.1 

H.4+/-0.3 

12.2+/-0.6 

6.3+/-0.8 

Water ug/L Hours 

63.5+/-6.3 

36.8+/-2.8 

26.0+/-15.3 

16.8+/-0.1 

14.4+/-0.3 

:2.2+/-0.8 

6.3+/-0.8 

Water ug/L Hours 

63.5+/-6.3 

36.B+/-2.8 

26.0+/-15.3 

16.8+/-0.1 

14.4+/-0.3 

12. 2+/ -0.8 

6.3+/-0.8 



Tine 





CONCENTRATION 




Cattails ug/)cg 


1,4 


ns 


10 


18+/-8 


24 


8+/-^ 


48 


8+/-2 


72 


23+/- 12 


120 


9+/-10 


240 


13+/-7 




Fish ug/kg 


1.4 


ns 


10 


8560+/-920 


24 


5970+/-860 


48 


7660+/ -2600 


72 


3990+/ -680 


120 


570+/-28 


240 


8970+/- 1050 




Duckweed ug/kg 


1.4 


ns 


10 


2143+/-20 


24 


2031+/- 100 


48 


177S+/-90 


72 


1370+/-386 


120 


766+/-33 


240 


736+/- 104 




Cattails ug/kg 


1.4 


ns 


10 


4+/-1 


24 


5+/-2 


48 


12+/-5 


72 


9+/-8 


120 


42+/ -36 


240 


43+/-17 




Fish ug/kg 


1.4 


ns 


10 


8070+/-2100 


24 


10250+/-2140 


48 


4004+/- 14 


72 


2750+/-0 


120 


1740+/-550 


240 


1530+/- 1096 



COnnENTS REFERENCE 



TABLE 5 - Examples of freshwater biomonitjoring-exposures/accwTHiiaUons with Ume-metals and organics 



COHTAtllHANT 0R6ANISH NAHE SIZE % FAT WEI6HT 

Cd algsd 

bentWc insects 

Cu algae 

benthfc insects 

Pb algae 

benUiic insects 

2n algae 

bcnthic insects 

HC5 Procambarus clarkit 



Cm mayfly 



stonefly 



Pb mayfly 



Pb sloneOy 



TABLE 5 - Examples of freshwater biomoniLoring-expobures/accumulations wiUi lime-fnelals and organlcs 



WATER/SUBSTRA 


TE TIME 


CONCENTRATION 


COnriENTS REFERENCE 


<0. 00007 ug/L 




3.54 ug/g dry wl. 


Anderson .R.V. 


<0, 00007 ug/L 




2.27 ug/g dry wt. 


el ai. 1978 


0.001 ug/L 




12.58 ug/g dry wt. 




0.001 ug/L 




14.91 ug/g dry wi. 




<0.022 




13.17 ug/g dry wl. 




<0.022 




28.6 ug/g dry wl. 




<0.002 




30.25 ug/g dry wt. 




<0.002 




225.63 ug/g dry wl. 




0.005 ppt> 




rteles -Females 


2 specimens per New Crleans 




1 day 


33 101 


datapcint University 1976 




5 days 


12 27 






10 days 


m 15 




10 mg/L 




9125 ug/g 


Nehr1ng3. 


4.82 mg/L 




5787 ug/g 




2.51 mg/L 




3882 ug/g 




1.22 mc'L 




1933 ug/g 




0.63 mg/L 




1240 ug/g 




mg/L 




94.7 ug/g 




12.2 mg/L 




2540 ug/g 




10.4 mg/L 




2096 ug/g 




8.13 mg/L 




1767 ug/g 




6.47 mg/L 




1199 ug/g 




mg/L 




1223 ug/g 




9.24 mg/L 




104700 ug/g 




4.9 mg/L 




73200 ug/g 




2.34 mg/L 




31780 ug/g 




1 .32 mg/L 




14560 ug/g 




0.69 mg/l 




5702 ug/Q 




mg/L 




126.6 ug/g 




19.2 mc/L 




8172 ug/g 




7 44 mg/L 




2249 ug/g 




4 43 mg/L 




1666 ug/g 




1 .96 mg/L 




/36.6 ug/g 




1 .08 mg/L 




716.7 ug/g 




mg/L 




8.18 ug/g 





I 

TABLE 5 - Examples of freshwaUr biomoniLoring-exposuras/accumulalions with Uin»-nv»Uls and organics 

I 



CONTAniNANT ORGANISn NAHE SIZE S FAT WEIGHT 

n\ayny 



stone fly 



2^ mayfly 



stonefly 



Zinc Ambtema purpiizaia 

(darn) 



Cadmium Amblema perplicaLa 

(clam) 



I 



I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 



TABLE 5 - Examples of freshwater biomoniloring-exposures/accumultliof^ with time-metals and orgmics 



WATER/SUBSTRATE TinE CONCENTRATION COmENTS REFERENCE 

0.75 mg/L 65 .31 ug/g 

0.4 mg/L 36.65 ug/g 

0.23 mg/L 47.9? ug/g 

0.12 mg/L 28.73 ug/g 

0.06 mg/L 25.32 ug/g 

mg/L ug/g 

0.7o8mg/L 53.28 ug/g 

0.399 mg/L 30.76 ug/g 

0.217 mg/L 22.95 ug/g 

0.105 mg/L 13.62 ug/g 

0.05 mg/L 9.13 ug/g 

mg/L 3.97 ug/g 

9.2 mg/L 2361 ug/g 

4.32 mg/L 2381 ug/g 

2.29 mg/L 2187 ug/g 

1 .04 mg/L 2029 ug/g 

0,6 mg/L 1794 ug/g 

mg/L 11 16 ug/g 

13.6 mg/L 561.2 ug/g 

5.54 mc/L 497.1 ug/g 

2.83 mg/L 415.7 ug/g 

1.6: mg/L 507.7 ug/g 

0.77 mg/L 439.4 ug/g 

mg/L 357.2 ug/g 

20.9 ug/L 7 days exposure fool- 170 ug/g dry wt. Adams.T.S. 

manlie-538 etal,198t 

giIt-956 

digestive gland-208 
viscera -232 
whole body-388 

3.16 ug/L foot- 1.54 

mantle-9.08 
giii-16.5 

digestive gland- 18. 6 
visc8r8-3.69 
whole body-.78 



APPEMDIX I - etOSSARY OF TERMS 

1 ) bioaccumulation - to accumulate within biological tissues by means of a biological 
(physiological ) process 

2) bioconcentration - the relative content of a component with respect to another component 
eg. the amount of diozinon in biological tissues of a fish with respect to the amount of 
diazlnon in water 

3) bioconcentration factor ( BCF) - the concentration of contaminant In fish ( for example) 
tissues divided by the concentration of the contaminant in the water bod/ (eg. Me) 

4) bioindicator - a living organism used to detect change within a living system 

5) biological mcnltorlng - includes the determination of the effects of pollution on all typre of 
aquatic life 

6) biomoniloring organism - any organism used to determine a change in bod/ conoentrations 
of contaminants with respect to previously formulated standards 

7) effluent - liquid wastes frcm an industrial process, agricultural operation, municipal SIP 
nr dumpsite where treatment msy or may not have taken place prior to release to the 
nnvironment 

S) hydrophilic - having an affinity for water 

9) indicator species - eg. bivalves as a whole ma/ be used to detect change 

1 0) lipophilic _ having en affinity for fats of other lipids 

1 1 ) monitoring - surveillance taken to ens re that previously formulated standards are being 

met 

1 2) surveillance - a continued program of surveys systematica! iy undertaken to provide a 
ct?ries of observations in lime 



13) survey - an exerci^ In wriicfi a set of standardized observations (or replicate samples) is 
talcen from a station (or stations) within a short period of time to furnish quaiitative 
descriptive data 

1 4) transplanted - moved from one geographical area to another or from one part of an area 
( river , stream . lake) to another ; usually contained le. caged 

1 5) young fish - fish hatched within a ! 2 month period of capture; size/weight reletion^ips 
plus scale reading indicate age 



n^'/fl 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATORY <;TH0IFS IKING BIOMONITORING ORGANISM?; - ORGANICS. 

ORSANISn FIELD/LAB NUMBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIGHT PERIOD SOURCE 



Nereis *verslcolor 



lab 



60 days 



sediments 



henidia menidia M 

(Allantic sllversldes) 
Mfrrr.frnaria m«if.«ftaria 
(hard r.lams) 
PslawTHrrielefi pugio 
(grass shrimp) 

Mytiius cdulis (mussel) lab 



10 day 
renewal 



STP sludges 



5 on. 



'4 days 



Leiostomus xanthurus lab 
(a demersal ftsh) 
Nereis virens 
(sandworm) 

Mytiius edulis 1«b 



contaminaled 
sediment 



24 hours 



Donax serra (bivalve) 
Bullia rhodosloma 
(intertidal gastropod) 



I 
I 



I 

I 

I 
I 
I 
t 
f 

I 

I 
I 
I 
I 
t 
I 

I 
I 
I 
I 
I 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATCRY STUDIES USING BI0M0»4I TOPING ORGANISMS - CC6ANICS. 



DEPUR. COflPOHENT COHTAMIMANTS COnhENTS 
PERIOD ANALYZED 



2 months 



2dsys 



PCBs sccinKilallon am reached equilibrium 

in 40-60 days; depurated over 2 
month?, tx) levels ir unspiked 
sariiple; csn upt^lce, rt*;purate 

(rf.mobili78tion) 

Hg, Cd. PCBs, DDT used sludge in dilutions, organisms 

and melatoliLes. represent forager, fitter feeder, 

petroleum detritaj omnivore; could not tell 

hydrocarbons if any uptake from sewage sludge 



REFEIKNCE 



EWer, Di. 
etal 1979 



Maciorowski. A. F. 
etal 1965 



aminocarb. max. concentration day 2,W) 1 day 

nonylphenol past exposure; concentration factor 

pesticide dlluenw 1 .0-1 .9, 585 oil max. concentration day, 
585 2 baseline I day past max concentration 
factor 330; nonylphenyl max. concentration 
day 2, decreased by day 4, not all gone 
Iday past, max. concentration factor 
I2-13xelalivBly low uptake, high 
excretion; > 0.1 mg/l not likely 
excretion; not likely to signiricsntly 
contaminate blvalws 



McLeese, D.W. 
etal 1980 



PCBs 



pesticides 



both accumulated PCBs from water Rubinstein. N.I. 

and sediments et al 1 984 



molluscs have been found Nolan, C.V. 

deficient in the mixed function at al 1963 

oxidase system that metabolizes 
xenobtotics. therefore, elimination 
there Is slow compared to fish, 
crustaceans; 7 pesticides - inverse 
relationship between water solubility 
bioiw-.tumulation factor. 

South Africa - national marine Walling, H.R. 

pollution monitoring prog,-arr« etal 1983 

evaluating these. 



APPENDIX 2 - MARINE LITERATURE ON f l£LD AND LABORATORY STUDIES USING BIOMONl TORINO ORGANISMS - ORSANICS. 



ORGAHISn 



Nilocla spinipes 
(crustacsa) 



FIELD/LAB NUriBER SIZE \l^T/DRY EXPOSURE POLLUTICTi 

(LEN6TH) WEIGHT PERIOD SOURCE 

lab magnesium 

production 



Sparlim altgrninora lab 

(saltiTtanh cordgrass) 



Fundulus sJmilis lib 

(killinsh) 



1 1 days 



Pseudorasbora parva lab 
(lopmoutb gudgeon) 
Cv'ortnus auratus 
(b.lvercnjclan carp) 
C/prinus carpio (carp) 
Lebistes reticulatus 
(guppy) 

Procambarus ciarkU 
((Tayflsh) 

Indoplanorbts exusUn 
(redsnail) 

Cipangopoludlna malleala 
(pond snail) 



6i«lichthy«inK.tiibilis lab 

(mudsucker or sand goby) 
CitharichthyB stJgmaeas 
(sand dab) 

OtigocuLtiis maculosus 
(sculpin) 



7.\A days 



t 
I 
I 
I 



I 
I 
I 
I 



APPtr«)IX 2 - MARINE LITER) 


MURE ON FIELD AM> 


LABORATORY STUDIES USIN6 BIOflONITa 


9IN6 ORGANISnS 


DEPUR. COnPOHENT 


CONTAMINANTS 


connENTS 


REFERENCE 


PERIOD ANALYZED 










6 chlorostyrenes 




Tarnpra, PI. 




penta-.trarohexa-. 




eta! 1985 




transhepla-, 








cishepta-. 








BB-h*pt«-,ocU- 








PCBs 


potential pathway of PCBs from 


llrozek, E.Jr 






estuarine sediments; s«lecliv« 


ttal 1981 






uptake of lesser cMorlnated 








componerls. 






hexachloroDenzene 


L 1/2 9.3 hours, to cmtrol levels 


eiarn. CJS. 






in 48 hours, bioaccumulation to lesser 


etal 1980 



extent in marine environment 
average BF 375. 

bioconcentration higher for nsh gudgeon Kanazawa. J.,1978 
top 152M 10 ppb gudgeon reached 
equilibrjtxn at 3 days: elimination linearly 
rapld;5CR had increased proportional to 
body wt. 



Ussues PAH'S (H-3.4- 

benzo pyrene. 
naphthalene) 
major metabolites 
-H-7,8 - dlhydro 
- 7,8-dehy(1roKy 
benzopyrene; 1 ,2 - 
dihydro - 1 J2 - 
dihydroxy 
naphthalene 



entrance through gills, 
metabolism by liver, transfer of 
HCs and metabolites to bile, 
excretion; gall bladder major 
storage; uptake in minutes; 
trine important excrfttion; fisrt 
can flush out naphthalene and 
metabolite at a gres w rate than 
benzopyrene and metabolite 
-detoxincation mechanism. 



Lee. Rf . 
etal 1972 



APPEt^DIX 2 



MARINE UTIRATURE ON FIELD AND LABORATORY STUDIES USING BIOhONlTORlNG ORGANISMS - ORGANICS. 



0«6ANlSf1 FIELD/LAB MUftBFR S.7F WFT/DRY EXPOSURE P«1UTI0N 

(LENGTH) WEIGHT PERIOD SOURCE 



Cernstoberma edule 
hva arenaria 
Arcnicola marina 
Crangon crangon 
Solea solea 



samples 


wet and 


from 


wis. 


each 





Sal mo salar 
(Bailie salmon) 
Selmo Irutla 
(BoLhnian Bay trout) 



rtetd 



DuDfllifella sp- 


lab 


(algal nagallala) 


(marine 


Brachiomis plicatilts 


simutaUon) 


(rotifer) 




Engraulis mordsx 




(anchovy) 





dry wt. 



45 days 



Dunn! :*>ll« »*rl.iol«f.La lab 

Chiorooccumsp. 
Nit^chiasp. 

Thaiassinsira psmirionana 
(alga) 

Spartirvi altirninfira lab 

(cordgrass) 



Mytilus edulis 



Hffld 
(caging) 



M X \7 



^ 60 
mm. 



wet wL. 



Jan flay 
10 day 
intervals 
collected 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOHONITORING ORGANISMS ORGANICS. 



DEPUR. COnPONENT CONTAniNANTS COnnENTS 
PERIOD ANALYZED 



REFERENCE 



orgMtochlormcs marine animals accumolale PCBs and 
PCBs. DDT DDT differently; inconsistency 

of the pattern of residues in 
animals from same area Indicates 
field bioaccumulatioTi is species and 
compound specific; PCBs cortcentraUon on 
wet wl. positive correlation, PCB 
levels on lipid basis increase from 
bivalves to fish correlated to trophic 
levels. 



6oerke, H. 
etal 1979 



muscles. livers 

unfertilized 

eggs 



PCBs, DDT, HC& 

lindane, 2,3,6- 

trichloro 

cymenc, 

10 chtorophenols 



found these in muscle, livers, 
unferUltzed eggs; chlorohydro 
carbons significant positive correlation 
with wt., fat content; 10 of 17 
chlorophenols delected but only 
in livers: for chlorophenols look 
at fresh wt. not lipids. 



Vuorinen, P J. 
etal 1 90S 



chlorinated PC5s on *7 wt. basis amplified 

Kydrocarbons up food chain but on lipid basts 

it was not apparent at lower levels 

fish 10 X higher than invertebrates 

but fed and un.ed anchovy had 

same levels so through water 

final PCB concentration related b that in 

water - diffusive interaction. 



Scerra. ID. 
etal 1979 



chloronaphlhalene 



bioaccumulalion was related lo 
chlorine content but it was not 
great. 140 was highest CF. 



Walsh, G.E. 
etal 1977 



PCBs 



cordgrass presents a potential 
way for the mobilization of 
PCBs from estuarine sediments. 



Mrozek. E. Jr. 
etal 1981 



somatic and benzo (a) pyrene 
gondal tissues (BAP) 



DAP occurred primarily in somatic 
tissues, whole body BAP was in 
somstif. tissues so seasonality 
had no impact. 



Mix. M.C. 
etal 1QR2 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USIN6 BI0fl0NIT0RlN6 0R6ANISriS - 0R6ANICS. 



0R6ANISn F(ELO/LAB NUnBER SIZE WET/DRY EXPOSURE POUUTION 

(LEK6TH) WEieHT PERIOD SOimCE 



Polychaeles Held, lab 

juvenile sea mullel 



Rhepoxynius arbonius 

EohsusLorius 

washingloftianus 

(amphipods) 

Macoms nasuLa (clams) 

Partdaius nialyceros 

(shrimp) 

Parophrys vetulus 

(fish) 



lab 



4 weeks 



urban 

estuary 



rtytilus edulis 

(mussel) 

eel 

shorl-necked clem 



lib 



refineries 
petrochemicals 



Mya arenaria L. 
{son Rhell clam) 



lib 



25 mm. 



28 days 



oil spill in 
winter 



APPENDIX 2 - MARINt LiTERATUra ON FIELD AND LABORATORY STUDIES USING BI0M0N1T0RIN6 ORGANISMS - 0P6ANICS. 



OEPUR. COnPONENT CONTAfllNANTS COflMENTS 
PERIOD AHALYZED 



REFERENCE 



PCBs 



A'7A 


hepalo- 


aromalic 


hours 


pancreas. 


liver hydrocarbons 




bile 


K benzc (a> 
pyrene. 
phenanlhenfe. 
antlirscsne, 
fluoranUwie. 
chrsene. 
benzopyrenes 
indenopv «n« 



water imporlanl uptake route Shaw, 6J?. 

althou^ at hi^ levels birds take et al 1982 

it up through food; in lab equilibrium 

between sediments and organic lakes 10 

-\7 wM»k«;; high uptake occurs al 

low concentration's with small increases 

causing substantial increases in 

sediment concentration; with petroleum 

hydrocarbons in sediments. PCB uptake by 

polychaetes ;s reduced. 

mixed AHs and ^»AP; metabolism Varmasi. U. 

of HBAP (indicative of mixed et al 1985 

function oxidase) was negative 
correlalion tissue concentrations t1. nasuta 
< E.washintori < R. abronius < P. piatyceros 
equilibrium P. vetulus of Alfs ; 
amphipods accumulated higher 
concentrations of AHs than clams (so other 
factors at work);4 wks. with sediments 
BAP no change but HBAP 
was taken up - clam 
hepatopancraas 5 x > fish liv« 
and 10 X > shrimp hepatopancreas; 
clams had 3-6 ring AWs; 
amphipods 4 and 5 ring; Ti^ took 
up BAP in bite; shrimp. Tish less 
AH's than clanre. 



dibsnzolhiophene 
(DBT) 



tl/2 9 days; accumulation in nussel 

600-800 X levels in water after 

4-6 days; mussels higher accumulatiwi 

eels, clams; results show mussel 

level does nc>l reflect accidental pollution 

by continuous Input of organosulfur 

compotmds. 



Kria, S. 
etal 1983 



1 4 days 
11/2 
11-50 
dav? 



naphthalene, methy clams ejected lots of 
substituted mucous; at high concentrations 50- 

naphthalene 100 ppm. nitration rate reduced; look up 

isomers. with respect to water concentration; 

in !sl wk depuration rspid then slows so 

not all naphthalene gone. 



Stalnken, D. ,1976 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOMONITORING ORGANISMS - 0R6ANICS. 



ORfiANISn FIELD/LAB NUtlBER SIZE WET/DRY EXPOSURE POLLUTION 

(LEN6TH) WEIGHT PERIOD SOURCE 



RariQia cuneata 
(dams) 



lib 



24 howrs 



Corbicula japonica 


transferred 


(shell nsh) 


clean fish to 




cofllsmirvaled 




siU 



mean wt 


biweekly 


herbicide 


10.1+/- 


May lo Aug. 


treatment 


1.5 g. 


monthly 
SepLLo 
Dec. 


of rice paddies 



Clupea harengus 
(B .herring) 

Stizostedioti eucioperca 
(pike perch) 
Lota lota (bur!>ot) 



1 comp. 



Homarus americanus 
(American lobster) 



rield/lab 



shell fish ng/g 


coal-cokt 


wet wt. 


plant 


oysters 9.4 




mussels 45 




lobster 2300 




digestive 




gland. 281 




faril 





Panultrus argus 
(spiny lobster) 



I* 



APPENDIX 2 - HARINE LITERATURE ON FIELD AND LABORATORY STII>IES USING BIOMONITORING ORGANISMS - 0R6ANICS. 



DEPUR. COrtPONENT COHTAtllNANTS COHMENTS 
PERIOD ANALYZED 



REFERENCE 



480 



hours 



radioactive benzo 
(ajpyrenc 
(BAP-C ) 



0.0305 ppm- 24 hours. 

- 480 hours x/- 7.2 ppm.; 

75X in viscera ( digestive gland, gonads. 

heart); mantte. gills, adductor muscle 

fat each had 3.5 - 10J?; clean 

water 70X release in 10 days 20 

days 0.1 ppm. left; 2nd expl. 

-5.7 ppm. in 24 ho«rs complela 

depuration 30-58 days. 



Neff, JJ1. 
etal 1975 



1 .3.5-trichloro- 
2-(4-n!lrophen- 

(CNP) 



reached max. 0.42 pob. May 29. 
ND after; water ma>;. 1 wi; after 
applifJition? BCF 4000; during 
decreasing fteriod a liriear 
relaLionship between iog of coocenlratton 
and elapsed time; t1/2 1C.4 days: 
log linear relation not applicable 
after 20 weeks ao some of CNP 
came from sediments. 



Okyama T., 
etal 1986 



polycycltc PAH'S < 0.5 - 148 ug/kg in 

aromatic hydro- mussels; only a few of 14 PAH's 
carbons (PAHs) found in fish muscle. Land to accunxilate 
in liver and gall bladder of fish. 



Rainio, R. 
etal 1986 



12 months hepatopancreaspolycyclic 
mid-gut gland; aromatic 
tail muscle hydrocaroons 



did not lose substantial amounts after 
1 2 months; "Jwse which did 
decrease were those of greater 
water solubility; metabolize very 
slowly; boiling or steaming 
lobsters re^ilt in elevated levels 
in Lai! meat (from digestive gland.) 



Uthe, Jf. 
etal 1986 



hepato pancrea: phenanthrene 



gonads 

heart 

muscle 

gills 



( C labelled) 
octachlorostyrene 



crus? v;e»ns metabolize 

ph^rianLhrend which rttUjILs in more 
rapid f limrnation from hepato 
pancreas. 2 weeks after dosing 1 /2 
of radioactivity still in li:;sues; 
oc-^fhlorostyrene higher In hepato 
pancreas; nHjscle and green glands" 
gills and heart phenanthrene highest 



Solbakken, JJE. 
eta! 1906 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BJOflONITORING ORGANISMS - ORGANICS. 



ORGANISn FIELD/LAB MUnBER SIZE WET/DRY EXPOSURE POLLUTrON 

(LENGTH) WEIGHT PERIOD SOURCE 

Abra nilida lab (flow- 10 adull 10 +/- 2 

(deposit-feeding bivalve) through mm. 

system) 



shell fish 
Hsh 



neld 



20-25 
^leltHsh 
4-6 nsh 
(7 marine 
fish) 



fish 



field 



wel wl. 



Mylilus eduirs 

(mussel) 

I illjorinji litljnrea 

(periwinkle) 



lab (natural 
conditions) 



4-16 months 
exposed to 
29 and 123 
ppb diesel 
oil; mussels 
also 8 days 
to 29 ppb. 



Salmo salar 
(Atlantic salmon) 



lab 



fish food 



APPENDIX 2 - MARINE LITERATURE ON FIELD AND LA60PAT0RV STUDIES USING BIOMONITORING 0R6ANIS IS - 0R6ANICS. 



DEPUR. COMPOMEHT CONTAniHANTS COMMENTS 
PERIOD ANALYZED 



REFERENCE 



hexachloro&enzene 
lindane 



contribuLions from food, sirependcd 
particles, water; hydrophobic 
atcached to suspended particles sediments 
And unavailable unions Laken In; 
sccumulstion ratio higher when sitspended 
particles added; lindane less 
hydrophobic so values lower, but 
blo-accumulatlon In presence of suspended 
solids - same; accumulahon of HC6 
higher in the presence of added 
Pwrticies; uptake via food 
predominates. 



Ekelund, R. 
etal 1987 



organochlorine looked at shellfish and fish on a wet. 
pesticides wt. basts rather then lipid v/t; 

levels found reflect feeding and 

(liigratory behaviour. 



OberA. 
etal 1087 



polynuclear PAH'S- hi^ moiecuiar wts. 

aromatic nonpolar nature, low water 

hydrocarbons solubility but can still accumulate in 

(PAHs) fish; sediments had 16 PAH's; 

naphthalene found 14-106 mg/kg; 
acenaphthalene 1-69 mg/kg; fieh 
can metabolize PAH's and excrete 
them as water soluble metabolites. 



DouAbdul, kA2. 
etal 1967 



polynuclear mussels 6 days rapid uptake; 

aromatic lysosomal stability significantly reduced 

hydrocarbons after 1 day to 29 ppb; PAH in long 

term exposed tissues of both 
animals (tissue concentration highest in 125 
ppb); cytochrome P-450 
monoxygenase or mixed function 
oxidase sysLeni involved in 
detoxiftcation of foreign organic 
matter in tissues. 



de,-letr»-bromo. 
and 

chlorobiphenyls. 
hexabromobenzeni 



no major differences between »f rumulallon Jltko, V. 
of di-and tetra-brofno-ond chlorDbiphenyls etal 1976 
by fish; hexabromo benzene not 
accumulated from water ^f food chloro 

-and bromo-«nib<if.il'.itp rompotinris 
flcr.umulftt.ft t.ighfrr 'Yirm vv.iler. 



APPENDIX 2 - MARINE LITERATUQE ON FIELD AND LABOCATORY STUL.ES USING 310M0NIT0GIN6 0Q6ANISMS - 0Q6ANICS. 

ORGAMtSn FIELD/LAB MUriBER SIZE WET/DRY EXPOSURE POLLUTJOH 

(LEN6T11) WEieHT PERtOO SOURCE 



bivalves (marine) 
C. virgimca 
M. arcetvariK 
ri.mercenBria 



field 



sediments, 
old apitis 



APPENDIX 2 - MARINE LITERATUt^ ON FIELD AND LABORATORY STUDIES USING BIOMONITORING ORGANISMS 0R6AN1CS. 



DEPUR. COMPONENT CONTAniNANTS COnflENTS 
PERIOD ANALYZED 



REFERENCE 



PCBs 



sedimenLs 3.4 - 2035 nq/q 

C.virginica 81 +/- 32 

M. arenaria 149 +/- 67 

M. mercenaria 131+/- 27 

may be selective uptake ie. lower 

chlorinated isomers lend to accunrauiate 

in tissue nwre frequently. 



Stainken, D. 
etel 1979. 



APPENDIX 3 - MARI« LITEPATURE ON FfELD AND LABCRATOPY STUDIES USING BIOIONITOPING ORGANISMS - f^TALS. 

ORGANISrt FIELD/ NUMBER OF SIZE WET/DRY EXPOSURE POLLUTION 

LAB ORGANISMS (LENGTH) WEIGHT PERIOD SOURCE 



Prololhaca sUminea 
(clam) 



lab 



48 hours 



Nereis virtns 
Hacoma balthica 
Crangon ieplempimosa 



M> 



sedimenLs 



size 



Nereis vircns 
(d&po«ii!. feeding 
poiychseLe) 



lib 



24 days 



Crassolrea \'irginica 

(osyU. J 

MyUlus edulis (mussel) 



1^ 



12 weeks simulating 
environment 
levels 



C. virglnlca, RangM 
cwwaUCclam) 



lab 



Crassoslre . virglnlca 
(Eastern oyster) 



lab 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOMONITORING ORGANISMS - METALS. 



DEPURATION COTIPONENT CONTAniNAHTS COfinEHTS 
PERIOD ANALYZED 



REFERENCE 



gills 



C^ 



no sediments, clam gills accjmulaLe 
Cd rapidly from seawaler; gills 
major route for bioaccumulation of 
dissolved trace melals; sediments 
added, Cd adsorijs to sediment particles. 



Hardy. J.T. 
etal 1981 



Cu, 2n, Cd. Pto other factors control 

availability of metals to organisms 
not just levels in sediments; only M. 
bathica practical for short-term 
use; N virens good for Cd, Pb 
bioavailability; 

demonstrated effect of EOTA; 
when organism tissue metal level 
cnanged - uptake rapid, slow 
decline to steady ^tat«; 
interspecies differences could be 
related to feeding habits. 



Ray, S. 
etal 1981 



Cd 



small > uptake than large; in 24 
days 28-54J! > than large; 
water concentration determines 
concentration in sediments and in worms; 
uptake from water virtually no excretion. 



Ray. S. 
etal 1980 



soft tissues 



Ni 



Be. Fe. As. Cu, Zn 



significant linear relationship soft Zarrogian. G£. 

tissue concentration and water level; et al 1984 

water 5 and 10 mg/kci oyster 

accumulated 9.62 +/- 5. 15 mg dry wt.l 

mussel 10.4 +/- 2.66 and 16.43+/- 

3.13 mg; Ni loss not lime or temperature 

dependent; t 1/2 for M. edulis 

1/2 ". V 'giniea: M.edulis better. 

Ni concentration higher less variability. 

no metal/wt. relationship- correlation Lytle, Ff . 
Se and F« with wt. (decline in «t al 1982 

metai with age); significant positive 
correlation Cu. 2n. in otirr studies. 



gills 



Hg 



took up all forms rapidly; 
accumulated in gills. 



Kopfler. F.C., 

1974 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOtlONITORING ORGANISMS ■ METALS. 



ORGANIStl FIELD/ NUtfBER OF SiZE WET/DRY EXPOSURE POLLUTION 
LAB 0R6ANISnS (LENOTH) WEIGHT PERIOD SOURCE 

nercen«~!a mercenaria Tmld 



Water hyacinth 



Ub 



D. serra 
B.rhodostoma 



lib 



20/ 
treatment 



3weelcs 



hytilus edulis 



Mytilus edulis 



field 



1 1 months x 


20 size 


wet wts 


13 months 


classes, 

15-20 

species, 

umall 
t2-16mm. 
2or3 
intermed. 


dry wts 



lib 



9 months 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABOfiATORY STUDIES USING BIOMONITORiNG ORGANISMS - METALS. 



DEPURATION COflPONENT CONTAftlNANTS COtttlfcNTS 
PERIOD ANALYZED 



REFERENCE 



Cd. Cu. Fe. Pb, 2n 



all tissue meUI coocentraUon varied 
significanUy with season; Cd. Pb 
concentration in sedinfwnts ^tissues of 
Similar magnitude (not regulated); Cu. 
2fl higher in sediments (actively taken up 
and metatxilized) 



6enest. P£. 
elai 1981 



Zn 



Cd 



pH 5 increase in inilal rapid Hardy. JX. 

uptaite; 5-tO uptake constant; et ai 1985 

< 5 uptake hindered; Zn uptake 2 

phased 1st 4 hours rapid; 2nd 

slower, near linear; stirring 

c:\hanced Cd uptake; 2n initial 

rapid uctake limited by diffusion; 

as solutio:: volume increases emount 

of 2n renw. i increases at mar 

linear rate; G nwtals hinde. 7j\ 

uptake - Fe. Cu. Hg. Ni, Co. Cd. 

tissue Cd coocentraUon increase wit^ Watllng. HR. 
increase in water concentration; gill >>> et al 1983 

digestive gland > muscle > mantle > gonad 

> foot >/* syphon. 



24 hours 



metals, Cu, Pb. fin same shell - more water therefore 
dry wts. need; Cu large clams less 
than small (regulate it but still can 
flf.r.iimulate larije smoitnlA); higher Pb 
in summer eKr.epl. Pb, t% metal 
higher in winter; trace f.onr.enlration 
decrease wiUi increasino size. 



P<fljh«n. JD. 
etai 1983 



somattc, Ni. rin. Zn, Cu^ Cd, except Cu all others highest In 

gonadal tissues V winter/early spring; (gonadal); 

no Cj seasonal change; somatic 
N(. Mn. 7n max. early spring; 
somatic - Cu, Cd. V fluctuated 
irregularly (not relsted to 
spawning or gBmetogenesis.); 
metals more abundent in somatic; 
believe gonadal wts. & somatic 
analyzed separately should sampta 
same tims each year from same 
popuUlion. 



LaTouche, YJ). 
etal 1981 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY SrUDIES USING BIOMONIT0R1N6 ORGANISMS - METALS. 

0R6AIHSH FIELD/ NUMBER OF SIZE WET/DRY EXPOSURE POLLUTION 

LAB 0R6ANISnS (LENGTH) WEIGHT PERIOD SOURCE 



Gambusis sfTinis lib' 

(mosquito fish) 



AustromyUlus erosus Held 4-5 cm. Hsh. vcgelAte 

(shellfish) 5.5-6.5 processing 

tlylilus edulis 3.5-4.0 abattoir. 

Kslelysia Scalarine cm. super P 

Pinna bicolor P'*"^' 

'bivalves) woollen mills. 

Penacds latisulcatus ^*" '■"^^> 

(;c=-g prawns) '^"*'»y V"^- 

Cynidoglanis l««J-iCid 

macrocephaUi (cobbler). BCCumulaUng 

Pseudorhombus junynsii merchant, 

(fiijunder). 

Hyporh«mphus melancchir 
(garfish), 

ALherinosoma elongata 
(hardy hifBds) 
Arripis georgianus 
(herring) 

Aseraggodes haackeanus 
hsackeanus (sole) 



Salvtinus namaycush field 



fi-Lfish (juvenile) field 

shrimps 



APPENDIX 3 MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING DIOMONITORING ORGAiJISM?: HFTALS. 



DEPURATION COHPOHENT CONTAniNANTS COnriENTS 
PERIOD ANALYZED 



REFEREHCE 



2 Hq compounds 



heavy metals. P^ 



melhylaled more loxic. accumulsUon Boudou, A. 

abater - easier penetration of et al 1979 

membrane barriers 
(liposolgbility); higher capacity 
for intracelluisr storage so 
increases biological tl/2 

high Pb in cockles, mussels, not Tallwt, V. 1983 

in sediments M. edulis does not reflect 

metfltf, r sedimenLi because it is from 

the water column; importjml 

to r.onsid^r ttif form of metal 

in the discharge. 



m 



whole animal Zn 



Hg levels correlate to fish length; hacCrimmon, 

difference among lak's related to HR. eL al 1983 

H(! in water. 

Hsh Zfi concentration body wt source of Milner. N J. 

variablity; group Zn concentration J 979 

in\ars«ly related to body wt. 

over 1st 2 years concentration decreased 

with growth but seasonal 

fluctuations, so increa^ in 1st. 

v.inler. 



APPE^©IX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING DIOMONITORING ORGANISMS METALS. 



0R6ANISn FIELD/ MWIBER OT SIZE WtT/DRY EXPOSURE POLLUTION 

LAB ORGANISnS (LENGHI) WEI6HT PERIOD SOURCE 



Argopecten Irradiens 

(btty ocollop) 
Ar yopcticn gibbus 



lab 



Maconu balthica 
(bivalve) 



n«w 



20-30 


fmoled 


soft 


monthly 


according 


tissue 




lo shell 


(fr-y wt 




length 





Crassostrea virginica lab/ 

field 



Balanus ebruneus 



field 



dry 
weight 



Mytiius edulls 



field/ 
lab 



25 6-ecm. 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOMONlTOfilNG ORGANISMS - METALS. 



DEPURATION COMPONENT CONTANINANTS COHHENTS 
PERIOD ANALYZED 



REFERENCE 



Ca. Cr, Cu, Cd, Mn 



emphasis on kidney for 
anindicator of melals; 
concretions in kidney: species 
diff . in Ca. Mn, Cd, Cu. Cr; needs 
more work. 



CB^mic^»el. 
N.F.elal 1979 



2 days 



whole body Cu, A9 



body size and concentraUon of Cu. Ag 
varied, short term nlxidy metal uptake by 
small mare rapid than uptake by 
large ones; growth may dilute 
concenLraUon's growth more rapid in 
young; +ve correlalton 5lze/n>ela) 
concentration - net uptake of some metals 
may occur UiroughouL the life ; 
CQuiltbration nf somemay occur; in periods 
of slow growth metals increased more 
rapidly in small (vice-versa); 
short/long term - young/old; 
to compare chronic contamination 
among stations age is crucial; to 
access temporal fluctuation several 
age classes; suggests collecting a 
range rather than 1 size 



Strong. CR. 
elal, 1981 



6 months 
only lost 25S 
first 2. next 
42 days rapid 
loss of Cd 



Zn (2000 ppm) uptake seasonally dependent, 

rapid summer/fa''; Cd unbound; 

m days 43-60, 74- 1 04 lack of 

elir.tination; could be due to ttHmd; 
others show slow release 



ttowdy. D£. 

1981 



Cu. Zn 



Florida, use barnacle; resulLs 

show a 1 ppb increase in dissolved Cu 

brings a 36 ppm. increase tn Cu 

levels. 



fiarber, S. 
eta! I9B1 



tissues comt^lned radionuclides Zn. 
Mn. Co. Fe 



greatest accumulation stomach, 
digestive gland; when animals 
starved most noticed in digesUve 
gland and foot (Fe loss bysuss 
gland of foot); nuclides 
accumulated via particulate 
matter mucous capeble of 
sequestering it; feel water plays 
a minor role m nuclide uptake. 



Pentreath, RJ. 
1973 



APPENDIX 3 - MARINE LITERATURE ON 


FIELD AND LABORATORY STl 


JOIES USING B 


lOHONITOPING 


ORGANISMS - 


ORGANISn FIELD/ 


NUMBER OF SIZE 


WET/DRY 


EXPOSURE 


POI 1 UTtON 


LAB 


ORGANISnS (LEN6TH) 


WES^HT 


f>£RtOD 


SOURCE 


Saccostrea cuccullatt Held 


15(3 40-60 mm. 


oflenas 






Saccoslrea sp. (oysters) 


pooled 25 35 mm. 

samples 

of 5) 


wet wt. 

bul shells 

oflen 

cracked 

sonol 

true wet 

wl. 







Mytilus eduHs U 



MytHus edulis W»/ '00 <'«ys 

field 
caging 



Corbicula fliminea lab 4 clams/ tO-50 mm. dry wt. 4 weeks 

(AsiaUc clam) (arUf. sampling 

stream) time 



Mytilus ediitis field 20 

(bay mussel) 



Ostrea fdulis 
(oysfjisr) 



APPENDIX 3 - MARINE LITERATURE ON FtELD AND LABORATORY STUOIFf^ IfSINR P'OflONITOPING 0QGANI«5MS - MFTAI S. 



DEPURATION COflPONEHT COHTAHIMANTS COWIEMTS 
PERIOD ANALYSD 



Ag. Cd. Co. Cr, Cu, problems wiUi shape ot oysters in 
Mn, Ni, Pb. Zn gelling correct size. 



REFEREKCE 



Talbot. V. 1985 



mdividual 
whole mussels 



36 hc'jrs 



sc lalic and 
gonadal tissues 
<iepar)ilely 



Cd significant equilibrium relationship Talbot, V 1985 

between total recoverable Cd in 
seawaLer and concentration in mussel: 
concentration ir> water nhtnild not exceed 
02 ug/i if the mussel is not to reach 
Cd concenlraticn of mg/kg wet wt. 
concentration factor is Ihen 9950; 
have to watch wl/length - seasons 

Hg caged clams reached Hg concentrations of Davis, til. 

native ones after 100 days; In el al 1978 

lab after 20 days Hg concentration 20 
ngl/l a significant change in Hg 
concenlraUon; water samples did not 
reflect Hg in mussels. 

Cd. Cu, 2n Cd 0.023 mg/1 - 3770 Cu 0.016 Granev. Ri. Jr 

mg/1 - 22,57 1 Zn 0.433 mg/l el al 1983 

-358 Cd.Cu same pallem of accumulation 
al all concentrations Cu, Zn 
con*.entration and length of exposure 
influenced uptake, no steady stale for 2n, 
none after 28 days for Cu. Cd steady al 
0.055 mg/t. 

Cu. Ni, Mn, Zn, Cd. gonadal and somatic tissues should LaTouchc, YD. 

V be analyzed separately; Zn taken et al 1961 

up by somatic tissue then gonadal; 

tissue weighls should be recorded 

tissues analyzed separately. 

Cu. Zn both localized in the George, S.6. 

baemolymph amoobocytes which el al 1978 

penelrale all soft tissues. 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING BIOMONI TOPING ORGANISMS - fCTALS. 



ORGAHISn FIELD/ NUflSER Of SIZE WFT/DRY EXPOSURE POlLUTJOfI 

LAB GRGAHISnS (LENGTH) WEIGHT PERIOD SOURCE 



Sparlma sllerninora 
Sporlina peUns 
(marsh grasses) 
U. pugnax (HckDer crab) 



expU 
marsh 



sewage 
siudge 



oysters 



Held 



dry wt. 



Mylitus edulis 
(conmnon blue nrmssel) 



field 



20 



dry wt. 



point source, 
slortn &ram 



Mylilus gailoprovinciahs lab 
(mussels) (simul, 

marine) 



Nereis nereis 
Mefenaria mercenaria 
Paleemonetes pugio 



lib 



100 days 



dredged 
sediments 



Mytilus edulis 
(mussel) 



fiald 



50 3-7 cm. dry matter 



collected 

Aprll-Oct. 

1979-83. 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDIES USING B10M0NIT0RIN6 ORGANISMS - METALS. 



DEPURATION COMPOHEMT COHTAniMAHTS COttflEHTS 
PERIOD ANALYZED 



REFERENCE 



roots leaves 


Hg 


sediment Hq increased 3-6 fold, 
no increase in crabs, mussels, 
grasses: as sediment organic mailer 
decreased - uptake in the biota, 
if heavy Hg input roots of Sparlina 
take it up but it is not 


Breleler, RJ 
elBl 1981 






translocated. 


-•. 


shell, soft 
lisaow 


Fe,Mn,CuJn.Ag 


correlBlJon between metals in son 
tissues suggest that Fe and Mn; 


WIndom.Hi. 
etal 1972 



overniohl 



92 days for 
mussel to loose 
128,000 ppb. 
ofHg. 



Cu, 2n and Ao form 2 groups concentrated 
slmilarlly; Mn mors concentrated irr shell; 
the geochemical charar.teristirs are 
an importa.il control in uptake. 

soft parts Cu, Zn. Pb precise location of source 0.5 km. Popham, JD. 

and 30 m . dlfTercnces noted . el all 980 

Cd. Pb, Cu, Hg Hg at 10 ppb. - 40.000 ppb rapid Majo- i. L, 

accum. 100 ppb. - 100.000 ppb. el al 1973 

200 ppb. - 130,000 ppb. at 
500 ppb accumulatiw! veiocily and 
final concentration in mussel diminishes 
(poor health) 



PCBs, Hg, Cd only PCBs above back ground; 

sandworm can takeup. depurate, 
sediments to water; others in 
water; steady state reached for 
N. virens; orgaiic content of soil has 
bearing; no metals accumulated likely 
bound to sedime: .. 



Rubinstein, N.I. 
et al I98w 



Hg. Pb. Cd. Cu. Zn 



Netherlands - Joint Monitoring 
Programme tnlcudes coord, 
monitoring of Convention of Oslo 
1972 and Paris 1974; Pb in 
spawning mussels higher than pre- 
spawnsois Cd. 



Lulen, J B. 
etal 1906 



APPENDIX 3 - MARINE LITERATURE f^ FIELD AND LABORATORY STUDIES USING BiOMONITOftING ORGANISMS - Mt f ALS. 

0R6ANISn FIELD/ MUMBER OF SIZE WET/DRY EXPOSURE POLLUTION 

LAB ORGAHISnS CLEM6TH) WEIGHT PERIOD SOURCE 



Mylitus edulif 
imusMi) 



Held 



shell 


wcl wis. 


Oct. and 


lengths 


wet/dry 


March (late 




wtratiQS 


y,-jnter and 
late summer 
in Aust.) 



mussels 


field/ 




transplant 




technique 




considered 




es useful. 


Crassoslrea gtoas 


field 20/age 


(Pacifrc oyster) 


grow) 



dry wt. 



Choromylilus 

meridionalts 

(mussel) 



field 



collected 
June/Nov. 



Mytilus edulis 
(mussel) 



field 
caging 



20 50-60 mm. dry wl 



lab 
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DEPtmATION COriPONENT CONTAniNANTS COTinENTS 
PERIOD ANALYZED 



REFERENCE 



48 hours individuals Zn. Cd. Cu do nol use mussels ss Cu indicator 

separate body in nwine environmenl metal varialions 

tissues related to wet wl.: seasonal wt. 

minima in late winter but no difrerence 

in metal concentration's; the wL. 

variations produce any (^nerved 

seasonality. 



Philips. DJil. 
etal 1976 



Cu. Zn. Cd, Pb. Hg Cd concentration independant of dry wt.; Davis. IJ1. 
Scottish mussel watch. et al t980 



Cd. 2n. Cr. Cu. Pb 



1 ppm. in mud - 25 ppm. Cd in 
oyster (4-5 ppm. wet wt.); 
oyster size controls physiological 
process so Cu. Cr only to a max. 
concentration; Cd, Zr. concentration 
depended on amount available; Pb met 
levels at site;collect8d Feb/Mar 



Ayltng 611.197^ 



72 hours 



Cu. Fe. Pb, Zn, Mn 



South Africa mussel watch; from 
Jut:e to Nov. mean water increased 
sign. 79 01 5S for Hg; males 
inr.ressed for Cu. f e. Pb. 7n, Mn 
females increased Fe. Pb, Cd, Cu 
Zn; suggest using only sexually 
immature individuals. 



Oiren. MJ. 
etal 1980 



soft tissues 



metals 



transferred to clpan water Cu 
decreased but not Cd (also lost wt) 
79?ii of residual Hg was lost in 80 
days; gonads partially spawned in 
May /June. 



Simpson, RD. 
1979 



animals exposed to metals can 
synthesize low molecular wt. 
proteins called metal lothioneins 
which are rich in sulfhydryl 
group which bind metnl cations. 



Lobe). P.B. 

etald198'1 



APPENDIX 3 - MARINE LITERATURE ON FIELD AND LABORATORY STUDJEG USING BIOMONIT0RIN6 ORGANISMS - METALS. 



I 



ORSAMiSfl FIELD/ NUMBER OF SIZE WET/DRY EXPOSURE POLLUTION 
LAB ORBANISnS (LEN6TH) WEIBHT PERIOD SOURCE 



Crassoslrea virginica 
(oyster) 



10 



dry and 
wet wt. 



ArgopecLwi irradiens 
(bay ncallops) 



lab 



96 hours 



Crassoslrw vlrglnlca 
(oyster) 



lab 



1 1 weeks 
to mud; 
1 1 wks. 
to sand 



green mussel 



Iri) 



5 weeks 



Crassoslrea virginica 
(essLem oyster) 



lab 



!l days 



Mylilus edulis 
(musse ) 



tab 



mean 
separate 
analysis Tor 



6 weeks 



I 
I 
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DEPURATION COtlPONENT CONTAMINANTS COHKENTS 
PERIOD ANALYZED 



REFERENCE 



son Lissues Zn. Fe, Cu. Mn. Cd 



As. Cd. Hg. Ag 



Ag. Cu 



sofllissies Cu, Zn 



Hg (inorganic) 



gill, kidney. Pb 
adductor muscle. 
Toot, manlle 



rdpid yowlh in spring; spawning 
(wL loss): 2nd period rapid growth 
deplelion of glycogen stores in 
wtntar; soft tissues Zn>>Fe>Cu>Mn 
>Cd, shell Mn>>Fe>Zn>Cu>Cdth. 
Fc invotwd in shell g."owth high 
turnover rate of Mn in soft 
tissue during shell growth; 2/), Cu 
Cd synamics related to gonadal 
development and spawning; 
rapid (f ^charge of nietais in 
summer doe to biochemical and 
physiological readjustments 
relflted to gametogenesif . 

all accumulated in significant 
amounts. 



Frazier, JJ1. 

1975 



Nelson. DA. 
et al. 1976 



exposed to muddy sedlntenls no slgnlficwtt Grelg. kA. 
Ag, Cu uptake; exposed to f;and no at at 1978 

Cu upurice. oysters retain their 
metal r.ontenl when transferred 
to clean water. 

bioaccumulation linear; in controls Cu D'Silva, C. 
was constxiL. Zn increased, metal et al 1978 

uptake proportional to water concentration 

low concentration mercuric chloride - Mason, J.W. 

significant le -els Kg; accumulated in et al 1976 

2 distant phases in linear way ov«r 1 1 

days >.o food so uptake thorugh gill/ 

manUe; rapid uptake - re ^ersible, 

then shifts to linear form - 

Irreversible. 

various Pb conuentralion's uptake similar, Schuiz-Baldes, 
linear Ist 40 days 35 days small M. 1974 

took up Pb 2.5 X fas'ar; 5 weeks 
in seawater decrease in Pb.kidney 
hig'teit. foot snd m.intle low; 
kidney loss highest rate. 



I 
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ORfiANISn FIELD/ HUflBER OF SIZE WET/DRY EXPOSURE POLiUTIOH 

LAB OfteAHISflS (LEN6TH) WEI6HT PERIOD SOURCE 



flercenaria mercenarta lab 
(quahog ^lams) 



20 40-75 mm. 



I 
I 



Perna pema 
(brown mussel) 



tab 



60-80 mm. 



Mytilus galloprovincialis lab 
(mussel) 



to/Lank 



Craasostrea virginica lab 



102 +/- 
lJ2cm. 



I 
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DEPURATION COTIPONENT CONTAniNANTS COTWIENTS 
PERIOD ANALYZED 



REFERENCE 



mantle tissue Hg 



at low dose Hq seems to cause loss Fcwicr, B.A. 

ofFe from mantle fringes; etal 1975 

ingestion suspended particulate indigestion 

by preconcentrsUon complexing of metals 

by coordinate linkage with 

appropriate organic molecules: 

incxtrpornyon of ions into important 

metabolic systems; uptake onto 

mucus sheets. 



Hg. Cd. Cu. Zn, Se, 
Ag, Nt. Cr. Pb, As 



South African National Marine 
Pollution Monllorlng Proc^anrtme; 
Hg. Cd reduce filtering rale; 
Mn increases it; Se & Hg - 
antagonistic; As, V:. did not alter 
rale. 



WaUin. HR. 
etal 1962 



24 hours - 
2 weeks 



radiotracer As accumulation with tempature uptake rate 
decreased after 17 days - equilibrium 
As not related to water concentration: 
soft parts collect nnore but some 
on sheli; smaller individuals had 
more temp. 13-70 C when no 
relationship with As so may be 
another form; by5l^us formation 
is a way of lowering As as in organic 
increases at low salinities 
although body parts, shell have 
similar at all salinities; if 2 wks. 
and aepuration period, would not 
lose any more. 



Unlu, M.Y. 
etal 1979 



individual 
tissues 



Cd 



no value in using specific tissues over 
whole soft parts; wl decreases 
in spawning - xrease In Cd; 
" higher Cd in smaller animals; 
distribution visceral > gill > = mantle: 
at low temperature u C significmt 
difference in Cd concentration; gills high 
level binding to mucus sheets; Cd 
concentration versus Cd content. 



Zaroogian, 61. 
1980 



^^ 
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ORGANISn FIELD/ NUMBER OF SIZE WET/DRY EXPOSURE POLLUTION 

LAB ORGANISnS (LENGTH) WE:3HT PERIOD SOURCE 



Mytitus edulis 



)ab/neld 25 juvenile nnean 26.5 
caging mm. 



25 days 



Oslrea edulis 
(oyster) 



Mt 



6 diameter 
7&<6cm. 



48 hours 



Neanthes virens 



lib 



dry wt. 



24 hours 



Mytilus edulis 



field 3 kg. 

transplant 
(nylon 
basinets) 



75 30-70 mm, dry matter 



clean to 
dirty 70 
days; dirty 
Lo clean 
77 days 



fish (12 species) 
shell rish(12 species) 



Held 



dry wt. 
although % 
water 
induced 
to convert. 



iiidubtrial, 

non-industrial 

areas. 



Valencia hispanica 
(Hsh) 



Held 



females 
sign. 

larger 
than males 



Hg marsh 



I 
I 
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DEPURATION COtlPONENT CONTAMINANTS COTinENTS 
PERIOD ANALYZED 



REFERENCE 



shell 



Cd 



too ug/l Cd did not affect Tittering 
jOO ug/l did; showing greater 
growth in field than tab: for Cd in 
shell process is a reaction with shell 
matrix, only small amis, incorporated 
directly to cartwnate crystal 
lattice; metal incorporation gives a 
different story from soft tissues. 



SUresson.U. 

1978 



Hg 



Ag 



Hg in gills in 48 hoors more rapid 
than digestive gland; binds to protein 
which !S lost If starved; no simple 
relationship between soluable protein in 
gilis, oigestive and Hg concentration 
but the large surface-area of gills. 
permeability passing on Hg to 
tissues, bind'ng site due to high 
protein content may account for 
high equilibrium concentration factor. 

exposed to 0.3 - 8.8 +/- 8.6 ppm. 

0.rs 7ALi/ 'Mjppm. 

1 .0 - 209 +/- 48.5 ppm. at 05 cont. 

to intreiwft for 7? hours; did not 

acrum-'latc according ta si7e buL water 

concentration 



Wrench, J J. 

1978 



Pereiri. J J. 
etal 1981 



77 days 



Cd. 2n 



not eliminated in area thought 
unpollutfld; under natural conditions 
accumulation is linear as a function of 
exposure time. 



Luten. J.B. 
etal 1986 



As 



differences in As noted between areas of 
pollution: not in water samples but in 
others: fishes lower then shellfish or 
crustaceans. 



Maria. I. Santa 
et al 1986 



Hg 



no wt/Hr length/Hg relationships; 
since Hg levels low in area there 
may actually be a relationship: 
fish is omnivorous, sometimes 
predacc'ous. 



Rincon, F.G. 

ttal 1986 



I 
I 
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ORGAMISM 



FIELD/ HUMBEROF SIZE WET/DRY EXPOSURE POLLUTION 
LAB 0H6AIIISI1S (LEM6TH) WEI6HT PERIOD SOURCE 



( 



Procambarus clarkli 
(red crayrish) 
Liza ramsda 
igrey muUel) 
Mugil caphalus 
Mugii capito 
Pactfiats leniusvultB 



Held 



!1 



7 mollusc species 
3 Crustacea 
2 shell fish 



Crassostrea viroinica 
Rangia cuneaUs 



composites 
24-30 of 
sma'l, A 
of bigger 



rield 



dry wt. but 
show water 
content for 
conversion. 

welwt. 
converted 
lodry wt 



sediments 



Argopecten irradlens 
Ar^opecten gibbus 
(bivalves) 



lab 



Mytilus eAilis 
(mussel) 



Crassostrea virginica 
(eastern oyster) 



Held 



S/sila 



mussels 



lib 



00/lank 



2.5-f»f/n. drywl. 
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DEPURATION COMPONENT CONTAfllNANTS COnnENTS 
PERIOD ANALYZED 



REFERENCE 



Mg 



no dirferenres between Hg rcmrftnlration Rifcon, F . 
in «if:xe?,; difftrftnt. in boUx v^ciea tt a! 1987 

attributed to feedinQ, mullet's cathadromic 
habit reflected in Hg levels; crayfish 
size/HQ concentration relationship even 
though not a contaminated area; in mullet 
(migrated) there was no significant 
difference in Hg/size although it was 
contaminated, refutes theory. 



Cd. Pb, Cu, Ni, 2n. 
Fe.Sb 



Cd, Pb. Cu. Ni highest in mcltuscs; 
Zn and Fe highest In crustaceans: 
Cu imd So srcumulaleci 
Similarly by molluscs end crustaceans 



Ober A.6. 
etal 1987 



Be. Cd, Cr, Cu. Pb. thallium not detected in tissue 
Ag. Zn. T! samples. 



Byrne, CJ. 
etal 19% 



<idney 



used x-ray micro analysis; when 
expressed relative to calcium 
conter I A. irradtens had higher 
amounts of Mg, lesser amts. of Mn, 
Zn; A. gibbus had a smaller 
proportion of Ca by vvt. but hi^iei 
levels of Cd. Cu, Cr, kidney 
concretions might be a sensitive 
monitor. 



Carmlchael. N.6. 
fit at 1979 



Cu 



mean total Cu 0.02 1 ppm. - sharp 
adduction of shell val'/es; as Cu 
rises a testing behaviour occurs 
shell closes; connptele shell closure 
operates at added Cu concentration of 
0.?ppm. 



Lavenport J. 
etal J 978 



individual Cu, Zn. Cd 100-300X difference in concentration is :Huggett, RJ. 

analysis on determined from wt.; age vs. el al 973 

whole animal metal concentration no relationship; 

(without shell) linear relationship betwcien Cu and ?n and 

Cd in unr.ont.amlnated clams; meljls 
in low salinity could be dangerous. 



Cu 



fed algae; concentration in control Cu 0.00 Martin. J I .M. 
ng/1; 2 distinct parts Cu m>/- 0.3 1979 

nq/ml Cu </= 01 ug/ml. 
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0R6ANISn FIELD/ MUHBER OF SIZE WET/DRV EXPOSURE POLLUTION 

LAB 0R6ANISnS (LENGTH) WEIGHT PERIOD SOURCE 



CrnasoslreB virginica 1^ 



40 days 



MytiltiS 9Mi% 



n«M 



0*^.5 cm. 0.07 g. 
< 2.3 cm. dry wl. 



Mytilus califomisnus 



field 


3 musMis 


imrnature 


24 waeks 


caging 




3.5 - 8.5 


2-4 weeks 






cm. 


intervals 



riytilus edulls 



field 



welwt. 



Crassostrea virginica lab 



20 weeks 



Mylilus galioprovincialis lab 
(mussels) 

Lysmala seliceudaUi 
(shrimp) 



MyUlus edulls 



rietd 



50 55* /-3 mm dry wl. with 
200 7-00 mm conversion 
122 n-78mm towetwL. 
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DEPURATION COtlPONENT CONTAniNANTS COntlENTS 
PERIOD ANAI Y7f D 



REFERENCE 



Cd 

chelating agenl 
(EDTA, NTA humic 
Kid) 



Cd 



ccrrrposiLe 
samples 



Hg 



uptake grealesl in gilt manUe h«palo 
pancreas. leasL in adductor muscle: 
exposed to 0.5 Tnq.r^\ Cd; ctwlators 
decrease accunulation except in 
adductor muscle: rale greater at high 
water temperature. 

immature show constant regression 
coefTicient relating > Cd concenlration 
to body wt. 



Hung, Yen-Wan, 
1982 



Cossa. D.etal 
1979 



no relationship to depth digestive gland Eganhouse. RP. 
uptake 2-5 weeics. after 12 wics. adductor et a! )978 
did not increase substitute: gonadEt tissue 
gradual increase first 12 weeks, highest 
16-20 weeks. 



As 



A3 positive correlated with somotic Latouchfrr VD. 

tissue wt.; As somatic and gonadal tissues et al 1982 
simiisr; other metals somatic tissues 
always higher; seems unnecessary to 
separate tissues for As. 



was curvilinar 



Pb 



siginificant linear relationship Pb uptake 
and water Pb concenlration; Pb uptAkfr 
curvilinear; water 1 .0 mg Pb kg - tissue 
concentration increased; believe excellent 
forPb. 



Zaroogian, G£. 
(rtal 1978 



Se. Se-75 shrimp high concentration - exoskeleton 

radionuclide molts had 60 90% total Se-75 body 

burden when uptake m food highest in 
visceral mas5;high levels Se-75 in 
exoskelton shows translocated Internal to 
external; in musse' highest in visceral: 
only small fraction shrimp's Se content 
lost nth molt; Se mantle lowest 



Fowler. S.W. 
etal 



Pb 



Pb should not exceed 1 27 ug/1 in 
seawater or lead wet wt. of 2.5 mc/kg 
will be reached.do not necessarily 
correlate Pb with age 



Talbol.V. 1987 
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0ll6ANISn FIELD/ NUtWER OF SIZE WET/DRY EXPOSURE POLLUTIOH 

LAB OROANtSnS (LEN6TH) WE16HT PERIOD SOURCE 



Sacroslrea cuccutlnta field w«l.dry wta. from sewage. 

anUfouiing painl. 
Iron ore.coolanl 
from eitctricily 
power generating 
staLion 
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DEPURATION COTIPONENT CONTAniNANTS COTinENTS 
PERIOD ANAI Y7FD 



REFERENCE 



Cu.Zn 



metal content appeared to decrease with 
decrefl'ving body weight, after ?if>awriing; 
must take into account water d/namlcs, 
lirbJdity,<Hit»Mn(i<t(l ^id<; bud vsrwis 
metal r.oncentratnn 



T8lbo(.,V.l986 
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DAclerta 
^biv8lve(s) 
Kiioaccumulation 
^iuegllls 

biological monitor 
ftehaviour 
^wnthlc bloassay(s) 

biological indicator 

fiomonitoring 
enthos 
biological sampling 

fiomagnincation 
icccncentration 
bromobiphenyis 

ody burdens 

benthjc macrophytes 
l^ody weight 
Kixmnrlr 

L.aached kraft mill 

fi&avfiilability 
iologica! integrity 
benzolaJpyreneXAP 



cadmium ,Cd 

copper, Cii 

Chlprella 

ciamts) 

chlorinated orjanics 

chlronomids 

caddisfly 

craynsh 

caging, caged 

chlorine 

contaminated sediment 

cellulose industry 

chlorinated hydrocarbons 

chlorinated phenolics 

cofnmunily slrucLure 

contaminant(s} 

Cladophors 

chemical residue(s) 

chlorobiphenyls 

chlorinftted aromatic 

hydrocarbons 
chlorinated phenols 
culture, culturing 
chromium. Or 
calcification 
cytxisomes 
crabCs) 

comparlmenlalion 
chcmicol pollutants 
cobalt. Co 
chelatori; 

fl:' ',' 'lC5 

fji.itatea 

a*? 

f.r'! 'ifif; plant 

r.(jp|)ci liii.kci .-MiiclLclH 

chlorinati>d b6n7eftes 

carp 

Ctiaoborus 

rhtorophenols 

Mtfish 



DDT 

Daphnia magna 
diet 

dfazinon 
depuration 
distribution 
domestic sewage 
dioxins 
di-ft-butylUn 
dichloride 
daphnids 
duckweed 



EDTA 

esUiarine 

elimination 

effects 

evaluation 

equilibrium 

efnuenUs) 

ecology 

elimination 

EHDPP 

•leclroftlating 



field 

fenitrothion 

fish 

fathead minnow 

frog 

fuel oil 

food 

filtering rate 

food chain 

freshwaler 

flame retardants 
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gut 


heavy melais 


invertebrale(s) 


kidney 


lab 


gastropocKs) 


Hyalella azteca 


insecKs) 


kinelicb 


lead. Pb 


qrowth 


herbicide 


in situ 




life cycle 


guppies 


hexac.ilorobenzene 


twlustrial discharge 




le8Cti(es) 


gills 


hexabrcmoDenzene 


industrial wasteCs) 




lamprey 


growUi .'ate 


i;y(Jrocarbons 


indigenous 




lake acidiric-.ion 




herbicide 


Insecl.cldeCs) 




larvae 




hsKachiorobenzene, 


iron, Fkj 




lobsters 




HCB 


indicator speaes 

international 

inorganic 




lindane 
lake L-n)ul 
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melaKs) 

mertury, Hg 

macrophyteCs) 

molybdenum. Mo 

mining 

mussel(s) 

mollusc(5) (k) 

marine 

methoxychior 

model 

midge(s) 

metaKs) 

morphology 

melalloUiionein-like 

marsh plants 

manganese, Kn 

mac-^ssium. fig 

mining wastes 

morphology 

macroatgae 

methyl parathion 

monitoring 

ttysis relicta 

mosguttofish 

mechanisms 



Mtckvl, Ni 

natural populations 

naphthalene 

nonylphenol 

nonpoint source 



organochlorine($) 

uliyw.luM)te(s) 

crganis) 

wi-linc 

ocean dumping 

oils 

oyster 

organosulfur compounds 

octanol/water parlilion 

coefTiciwit 
organics 
oclachlorostyrene 



polychlorinatej 
bipiMHiyb, FCBs 
pH 

|.ifawn(s) 
pcsticide(s) 
polynuclear 
ar omalit liydro- 
cs^onsPAHs 
particle-size- 
conversion effidancy 
pollution 

pulp mill efTluent 
philosophy 
plankton 
polychaete(s) 
point source(s) 
physiological response 
phenols 
periwinkle 
proteins 
phenanthrene 
pentachlorobenzene 
phyloplankton 



I 
I 
I 
I 
I 



I 
I 
I 
I 
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rale of 


sedimenKs) 


transplant(ed) uptake 


worm(s) 


accumulation 


snaiUs) 


Irifluralin Ulothrix 


water 


radium 


sze 


tadpoles 


water quality 


radionuclide{s) 


seleniunri.Se 


toxicology 


water pollution 


rcsir. acids 


statistics 


toxic organics 


whelk 


rainbow trout 


saltmarsh cordgrass 


tissues 


water hyacinth 


reproduction 


shrtmp 


lecrintque(s) 


water 


response 


shclKs) 


lectinology 




rotifer 


seasonal variation 


temporal 




road oiling 


sublBthcl effects 


tubincid worms 




review 


sewage sludge 


temperature 




rockbass 


spatial trends 


trophic levels 






STP 


techniques 






snaiKs) 


toxicity tests 






scallops 


TFH 






season 


trace elements 






se^ 


temperature 






stereochemical 


IfP 






sewage di-jposal 


TCDD 






sJlvw. Ag 








season 








•jheiiristi 








suspended solids 








soils 






1 
1 


■-T'Oilail 'jdiiicrs 








survoiiloiice 








'jmcUer 







I 
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Zinc. Zn 
zcoplankLon 

production 
Zygnema 
zooplankUm 



APPENDIX 5 - DATABASES USED IN THIS REVIEW. 



DATABASE K^nE 



KEYWORDS USED * combinations were also used 



CEN 


bioACCumulalion 






biocofvcentraUon 






biouplake 






riald 






biomoniLoring 






btoassessftwnl 




NTIS 


bioaccumulation 


aquatic organism 


BIOSIS PREVIEWS (5.55) 


bioconcenlratron 


biota 




biological upUike 


plant 




biomoTiitoring 


weed 




bioassessment 


fish 




onslle 


clam 




field exposure 


periphylon 




insiUi 


ar uncial substrate 


' 


algae 


asuatic weed 




benlhic inverlabrales 


aqijatic plant 




neld 


macrophyte 


AQUATIC SCIENCE ABSTRACTS 


biosccumulalion 




CONFERENCE PAPERS 


bioconcLrilralion 




PaiUTION ABSTRACTS 


biological uptake 

biomonttormg 

btoassessment 

field 




ENVIRaiNE 


freshwater 




ON TAP BIOSIS 


Clams 
bivalves 
metals 
contaminants 




CIST! 


fish 


insiUi 




leeches 


field 




aquatic 


onsite 




ir.secls 


aquatic organism 




clams 


artmclal substrates 




bivalves 


macrophyte 




molluscs 


biota 




caging study 


plant 




bioaccumulation 


we«d 




biomonilt»r 


periphyton 




bJoconcentralion 


biological uptake 




benthic invertebratas 





I 
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NOTE: manual searches (from 1975 to present) were made of the following journals: 

Bulletin of Environmental Contamination and Toxicology 

Marine Pollution Bulletin 

Marine Biology 

Journal Fisheries Research Board of Canada (Canadian Journal of fisheries and Acjuatic Sciancas) 

Water Research 

Envinmnental Science and Technology 

Ecology 

Aquatic Toxicology 
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